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ABSTRACT 
 
Objectives: 
Dental wear is considered one of the reasons for composite restorations failure. 
Several clinical problems may arise as result of uncontrolled wear process, including 
compromising masticatory function, poor aesthetics, loss of interocclusal space, teeth pain 
and sensitivity, and tempromandibular problems. Newly released flowable composites have 
been introduced to the market, that are indicated for occlusal class I and II cavity 
restorations. The purposes of this study are (1) to evaluate the wear resistance of newly 
released flowable composites against two antagonists, and compare them to universal 
packable composite, (2) to compare the wear properties of the two different types of 
antagonists, (3) to evaluate mechanical and esthetic properties, including microhardness, 
gloss, and surface roughness, of all resin composites and correlate it to wear characteristics 
of the materials. 
 
 vii 
Materials and Methods: 
(1) Five flowable composites were used in this study: 1. Filtek Supreme Ultra Flow 
(3M ESPE), 2. NovaPro Flow (Nanova Biomaterials), 3. SureFil SDR Flow (Dentsply), 
4. Clearfil Majesty Flow (Kuraray), and 5. G-aenial Universal Flo (GC). One universal 
resin composite (Filtek Supreme Ultra Universal) was used as control group. 16 
Specimens were prepared from each composite by injecting into aluminum molds, then 
divided into two groups for two types of antagonists (n=8). The first antagonist from 
natural enamel cusps, the other type was from feldspar ceramic block, Vitabloc Mark II. 
Both were standardized and polished. After mounting the antagonists in the wear-testing 
machine, a uniform sliding abrasion was applied up to 200k sliding cycles. Then the 
measurement of dry weight, wear depth and surface roughness of the specimens and the 
antagonist cusps were conducted at 3 different intervals, baseline, 100k, and 200k cycles. 
The amount of wear was determined by measuring the weight loss and calculating 
volume loss. One representative sample was randomly selected from each group for 
scanning electron microscope examination of the surface morphology. 
(2) 3 samples were prepared from each resin composite material for the 
microhardness and gloss test. The composite specimens were finishing and polishing by 
Buehler grinding-polishing system for four minutes each, then rinsed and ultrasonically 
cleaned in distilled water for 4 minutes. The surface gloss test was performed by using 
Novo Curve glossmeter. Five gloss readings were taken from each specimen at different 
locations, and the mean value was calculated and recorded as the GU reading of each 
specimen. The Knoop’s microhardness was measured on a MICROMET 2003 
 viii 
microhardness tester. Five indentations at different locations with at least 100 µm apart 
were performed on each specimen. The five readings were averaged to produce a single 
hardness value for each specimen.  
Results: 
(1) In general, statistical analysis revealed a significantly higher surface roughness 
and higher weight loss of all resin composites when opposed by ceramic antagonists 
compared to the samples opposed by enamel antagonists. Among the tested resin 
composites, there were significant differences in regards to specimen wear depth, weight 
loss, volume loss, and surface roughness, regardless of the antagonist type used. Both 
Filtek supreme universal and Filtek supreme ultra flow groups showed significantly 
deeper wear compared to the other flowable materials, regardless of the antagonist type 
used. Moreover, there were statistically significant differences in antagonist’s weight and 
height loss between the groups. The control group universal composite caused 
significantly higher weight and height loss of both antagonists. 
(2) The microhardness and gloss results demonstrated statistical significant 
differences between all the composite materials. Clearfil Majesty Flow and Filtek 
Supreme Universal groups exhibited a significantly higher surface gloss compared to the 
other materials with the exception of the Filtek Supreme Ultra Flow group. Filtek 
Supreme Universal group exhibited a significantly higher Knoop’s hardness compared 
to the other materials. 
 
 
 ix 
Conclusions: 
Despite the limitation of this study, less weight loss and surface roughness of the 
flowable composites were shown when opposed by dental enamel antagonists. A 
significantly deeper wear was noticed on both Filtek supreme universal and flowable 
composites when opposed by ceramic antagonists, indicating the detrimental effect of the 
Feldspathic ceramic on the nanohybrid composites compared to the other nanofilled 
flowable composites used in the study.   
 x 
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CHAPTER 1 INTRODUCTION 
 
1.1 Dental Resin Composites 
1.1.1 Overview  
Generally, the composite means a multiphase material that shows the properties of 
both phases, which result in a material with higher properties.(1) In dentistry, these 
materials are called dental resin composites.(2)  
The traditional dental composites used for direct esthetic restorations mainly 
consist of cross-linked polymers reinforced by a dispersion of inorganic filler particles 
and/or short fibers bound to the matrix by silane coupling agents.(3) Resin composites are 
used to modify tooth contour and color and to replace missing tooth structure. (4) Many 
resin composites are available for various applications.(4) Some of them are designed for 
aesthetic reasons and others are used in high stress bearing areas where aesthetics is a 
concern.(4)  
In 1870, the silicate cement was introduced, and considered as the first tooth-
colored restoration.(1) This material consisted of alumino-fluro-silicate glasses and 
phosphoric acid. The dispersed phase was residual glass particles, and the matrix phase 
was the aluminum phosphate salt formed from the partial acid dissolution of the glass 
particles. Although these silicate materials provided an anticariogenic features, however, 
 2 
their use subsided in the 1960s due to early clinical failure, which was mostly related to 
dissolution in oral fluids, loss of translucency and a lack of mechanical properties.(3) 
In the 1940s, the first polymeric tooth-colored restoration was developed, and 
consisted of poly(methylmethacrylate) powder, methyl methacrylate monomer, benzoyl 
peroxide, and N,N-dimethyl para-toluidine.(1) Upon mixing these components, the 
polymer powder will form a dispersed phase, and the monomer will polymerize to form 
the continuous phase. The benzoyl peroxide and n,n- dimethylparatoluidine were used to 
initiate the polymerization process at room temperature. These materials also subjected a 
variety of problems, including poor color stability, high polymerization shrinkage, a lack 
of bonding to tooth structure, and a large coefficient of thermal expansion.(2)  Moreover, 
these polymeric restorations lacked the reinforcement provided by the ceramic filler 
particles used in resin composites, leading to the dimensional instability, which resulted in 
unpleasant stains and recurrent caries.(4) 
As the resin composites first developed in the 1960s, with improved mechanical 
properties, less dimensional change on setting and lower thermal coefficient of expansion, 
and thus improving the clinical performance compared to the older acrylic restorations. 
The introduction of methacrylate monomer, bisphenol-A glycidyl methacrylate (Bis-
GMA) monomer, and the organic silane coupling agent in dental composites by Rafael 
Bowen(5) and their use in restorative dentistry gained a great success in the field, that they 
were soon accepted as an esthetic filling material.  
 3 
Several factors can affect the properties of these materials, including the size and 
volume of filler particle, the resin composition, the matrix-filler bonding, and the 
polymerization conditions. In the recent years, these composites have highly improved 
particularly in terms of dental wear, through reduction in size of the filler particles and the 
use of fiber fillers.(5) 
Since the early 1970s, the resin based composite materials have become the 
material of choice for restoring the esthetic anterior areas. The indications of resin 
composites have expanded from anterior teeth to the posterior restorations and even to 
stress-bearing posterior restorations as amalgam substitutes or amalgam alternatives.(6) 
Other dental indications include pit and fissure sealant, bonding of the ceramic veneers, 
and cementation of other prosthetic restorations.  
 
1.1.2 Composition 
Resin composites are composed of four major components: organic polymer 
matrix, inorganic filler particles, coupling agent and the initiator system.(4) 
•   Polymer matrix: 
 The matrix is a continuous phase of a plastic resin material that adhere the filler 
particles. They are either aromatic or urethane diacrylate oligomers. The two commonly 
used oligomers in dental composites are Bis-GMA and urethane dimethacrylates 
UDMA.(4) 
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•   Filler particles: 
The inorganic filler particles are usually quartz, glass, colloidal silica or zirconia-
silica nanoclusters and silica nanoparticles.(4) These particles provide mechanical 
reinforcement of the resin composite mixture and provide light transmission and scattering 
that resembles the enamel translucency.(2) 
•   Coupling agent: 
Is a bonding agent that provides adhesion between inorganic filler particles and the 
organic resin matrix.(3) Organic silicone compounds called silanes are usually the most 
common coupling agents.(4) 
•   Initiator system and other components: 
Dental composites contain an accelerator or initiator system to transfer the resin 
paste from the soft filling phase to a strong hard filling material.(3) According to these 
accelerators, dental composites can be self curing composites (chemically cured), light 
cured composites (activated by light), or dual cured composites (chemically and light 
activated).(4) 
Other components include ultraviolet absorbers and additives to improve the color 
stability, pigments to match the color of the natural tooth, and polymerization inhibitors to 
increase the storage life and the working time.(3)  
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1.1.3 Classification 
Resin composites can be classified according to multiple factors, including the 
components, amounts and properties of their fillers or matrix, by their handling properties, 
by the basis of the matrix composition (Bis-GMA or UDMA), or by the polymerization 
method (self-cured, light cured, or dual cured). Among these types, the most common 
classification is composites based on the filler content, particle size, and method of filler 
addition and distribution (Table 1).(2) The early traditional type of resin composites was 
developed during the 1970s, called macrofillers, contained large particle size in the range 
of 10 to 100 µm. The traditional composite was then modified to improve the surface 
smoothness and the physical and mechanical properties, by grounding the inorganic fillers 
to a smaller size range, like midifillers, which has a range of 1 to 10 µm particle size, 
minifillers which has a range of 0.1 to 1 µm, the microfiller composites that have 0.01 to 
0.1 µm diameter particle size, and the nanofillers composites, which contain an ultrasmall 
fillers, ranging from 0.005 to 0.01 µm particle size. The nanofilled composites, composed 
of nanomer or nanocluster, were introduced for all areas of the mouth. They have good 
mechanical properties in stress bearing areas and are highly polishable.(7),(8) The advantage 
of reducing the filler particle size is to provide a surface that can be highly polished.(7) The 
next composites that were developed, contained mixed ranges of particle sizes are called 
hybrids. Hybrid composites include microscopic (1-5 µm) and submicroscopic (0.4-0.8 
µm) glass.(7) The main purpose of developing this category of composites is to achieve a 
better surface smoothness, to have the appropriate viscosity for easier clinical 
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manipulation, and to maintain the appropriate physical and mechanical characteristics at 
the same time.  
If the composite simply consists of filler and uncured matrix material, it is classified 
as homogenous. If it includes precured composite or other unusual filler, it is called 
heterogeneous. If it includes novel filler modifications in addition to conventional fillers, 
then it is called modified, such as fiber-modified homogenous composites.  
Another way of classification is according to the specific handling characteristics 
of the dental composites, which include packable composites and flowable composites. 
The packable composites, also referred to condensable composites, were first introduced 
in the late 1990s, to provide a composite with handling characteristics similar to 
amalgam.(2) These kinds of composites are intended to be used primarily in Class I and 
Class II restoration cases. The packable composites are distinguished by its high viscosity 
and low stickiness compared to the regular hybrid composites.(1) The increase in viscosity 
is obtained by changing the particle size distribution and the distribution of the fibers.  
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Table 1. Classification of the resin composites and the clinical use indication.  
Class of Composite Particle Size Clinical Use  
Macrofillers 10-100 µm glass High-stress areas (Class I & II) 
Midfillers 1-10 µm glass 
 
High-stress areas (Class I & II) 
Minifillers 0.1-1 µm glass Moderate stress areas (Class III & 
IV) 
Microfillers 0.01-0.1 µm glass Low-stress areas that require high 
polishability  
Nanofillers 0.005-0.01 µm glass Low-stress and subgingival areas 
that require high polishability & 
luster 
Hybrid 
(Macro/Mid/Mini/Micro/
Nanofillers) 
Glass particle size of the 
composite class 
+  
0.04 µm silica 
High/Moderate/or Low-stress areas 
that require improved polishibility 
Packable Hybrid Midfillers/Minifillers 
hybrid + lower filler 
fraction 
In cases of improved condensability 
(Class I & II) 
Flowable Hybrid Any hybrid with finer 
particle size distribution 
In cases of improved flow or in 
difficult accessibility cases  
 
1.1.4 Flowable Resin Composite 
Flowable composites are considered a class of low-viscosity materials that are 
intended to be used in restorative cases with difficult accessibility. Although these 
materials possess similar particle sizes and particles size distributions to those of hybrid 
composites, however, they are lightly filled and has increased amount of resin, which will 
lead to the decrease in the viscosity of the mixture. Moreover, the mechanical properties of 
flowable composites are inferior to those of standard hybrid composites. The range of the 
clinical use and handling characteristics of the flowable composites in the market varied.  
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The flowable composites that contain lower filler content are usually intended to 
be used in cases like pit-and-fissure sealants or small anterior restoration cases. Those that 
possess higher filler content can be used in cases of class I, II, III, IV, and V restorations, 
but with very conservative restorative procedures.(2) Because of these wide differences in 
fluidity and flowability, the flowable composites in the market vary in regards of 
polymerization shrinkage, wear resistance, and other physical properties.  Some clinicians 
prefer to use flowable composites in class V carious and non-carious cervical lesions, as 
their elastic modulus is closer to that of the tooth structure.(1) This also may explain the 
reason of using the flowable composites as a cavity liner under the regular composites in 
class II cavity restorations, as it may decreases the stresses transmitted to the tooth 
structure, and maintains the marginal seal. However, there was no agreement in the 
previous in vitro studies that the use of flowable composites as a base or liner will reduce 
the polymerization shrinkage in such cases.  
Several attempts have been made in order to improve the clinical manipulation and 
handling of the resin composites. Bis-GMA and UDMA have almost five times the 
molecular weight of methyl methacrylate, which reduces the polymerization shrinkage and 
improves the mechanical properties. The downside of this higher molecular weight 
monomer is having high viscosity material that affects the clinical manipulation and 
handling.(1) Therefore, a lower molecular weight and highly fluid monomers were used to 
dilute Bis-GMA and similar resins. Triethylene glycol dimethacrylate (TEGDMA) is a 
dimethacrylate monomer that was used as a fluid methacrylate to dilute the Bis-GMA 
monomer. The degree of viscosity can be manipulated, as a blend of 75 % by weight bis-
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GMA and 25 % by weight TEGDMA has a viscosity of 4300 centipoise, whereas the 
viscosity of a 50 % by weight Bis-GMA and 50 % by weight TEGDMA blend is 200 
centipoise.(3)  
Moreover, the dimethacrylate monomers have the ability to produce extensive 
cross-linking polymer chains, which will lead to a highly rigid resin matrix that is resistant 
to the degradation by solvents such as water and alcohol. Although the flowable composites 
might have higher manipulation properties, however, they could possess severe limitations 
on other mechanical properties, such as wear resistance, affecting the ability to optimize 
its clinical performance. Therefore, companies have tried to reach for a better balance of 
properties among these conflicting requirements, which resulted in a proliferation of 
restorative resin products, each designed for a specialized application.(3) 
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1.2 Dental Wear 
1.2.1 Overview 
Since the introduction of the resin composites, several improvements have been 
made to enhance their survival rates. During the 1970s, dental wear was considered to be 
the main reason for failure of composite restorations.(1) After that, extensive 
improvements have been applied to the filler technology and composite formulation, which 
resulted in new reasons for replacement. Many years after, studies showed that the 
secondary caries was the new cause of composite restoration failure. This change could be 
accredited to the advancements in composite properties and adhesive technology, 
improvements in clinical technique, more adequate teaching of dental composites at dental 
schools, and on the gained experience of the clinicians in practice.(1) 
Previous researches concluded that dental wear could be pathological or 
physiological. In general, dental wear is a natural physiological process that occurs as a 
result of tribological interactions between the surfaces in oral cavity producing a gradual 
removal of the material. The clinical dental wear, however, could be defined as the loss of 
substance on opposing occlusal surfaces when two surfaces undergo sliding movements as 
the load applied.(9) Historically, dental wear was noticed in teeth that were found in 
160,000 years old human skulls.(10) This wear was hypothesized to be gradual as a 
mechanism of teeth adaptation to the continuous mastication forces. A previous in vivo 
study by Lambrechts and colleagues, evaluated the vertical wear of the human enamel teeth 
to be 20 to 40 µm per year in the premolar and molar area.(11)  
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Several clinical problems may arise as a result of uncontrolled wear process, 
starting from compromising the masticatory function and quality of life, poor aesthetic 
appearance, unfavorable teeth movements toward the eroded contact area like overeruption 
and mesial and distal shifting, loss of interocclusal space, teeth pain and sensitivity, and 
tempromandibular problems.(12) 
The amount of dental wear can be determined by several factors, among which is 
the time during which the surfaces are in motion. The potential of wear increases as the 
natural teeth ages in the patient’s mouth. Another factor is the load applied during the 
friction. Leonardo da Vinci (1452-1519) has found that the force required to overcome 
friction was doubled when the weight was doubled.  
Several mechanisms of wear were hypothesized in the previous clinical studies. 
The main mechanism of wear is the one associated with failure of composite components, 
due to either two-body wear or three-body wear. The first hypothesized mechanism was 
the microfracture theory, which includes compressing the high modulus filler particles onto 
the matrix during the occlusal load movements, which creates microfractures within the 
weaker matrix.(13) As these microfractures join in the material surface, the external layers 
of the composite will exfoliate. Another mechanism is the hydrolysis theory,(14) which 
includes hydrolytical debonding of the unstable silane between the resin matrix and filler 
particle, which leads to the removal of the surface filler particles. The third mechanism is 
the chemical degradation theory(15), which includes the absorbance of the materials from 
food and saliva into the resin matrix, which leads to matrix degradation and wear. The last 
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hypothesized mechanism is the protection theory(16), were the weak matrix is eroded 
between the stronger filler particles. 
 
1.2.2 Classifications 
Dental wear could be classified according to its location on the restorative surface. 
The occlusal contact-area wear, is a two-body wear carried out when teeth are in centric 
contact to the opposing surface. The functional contact-area wear, also a two-body wear 
by sliding the teeth during mastication and chewing. The contact-free area wear, is a three-
body wear usually carried by the presence of food bolus as it is forced across the occlusal 
surface. The proximal contact-area wear, a two-body wear by natural rubbing the 
interproximal teeth contacts with each other. Lastly, abrasion wear, a three-body wear by 
the use or the oral prophylaxis methods.(2) 
There are three elements interact in the tribological system of the dental wear. The 
first element is the structure and the geometry of material used in contact, including its 
hardness, roughness, and texture. The second element is the condition of the interaction, 
including the load, stresses, duration and speed of interaction. The last element is the 
environment, like the third-body lubricant, and the temperature.(17) According to these 
parameters, dental wear could be classified depending on the mechanism of wear, which 
includes attrition, abrasion, adhesion, fatigue, and corrosion.(10) These types could act 
separately, but also could act interact and contribute to the wear as a union.  
Attrition is the physiological two-body teeth wear, characterized by wearing away 
the dental hard tissue during direct teeth contact with no third-body intervention. This 
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physiological process is a prerequisite step to reach the balanced occlusion.   
Adhesive wear occurs when two surfaces with a high attraction slide against one 
another under load. This friction will result in local welding between the asperities.(17) 
The fractured micro-welds will transfer and will become cold welded to the other 
surface.(10)  For this reason, the adhesive wear is more common in metals; however, it 
might be seen in locations where opposing cusps forced against composite surface.(18) 
Fatigue wear results from intermittent sliding of two surfaces, creating a zone of 
compression ahead of the motion, and a zone of tension behind the motion.(10) This plastic 
deformation produces microcracks in the subsurface layer, which may propagate and join 
at the surface of the material, causing rupture of material fragments.(18) The displaced 
debris may lead to a three-body wear abrasion. It was assumed that the fatigue wear, 
together with the abrasive wear, are the most common to cause dental composite wear.(17)      
Abrasive wear occurs when there is friction of hard asperities into softer 
surfaces.(10) The abrasive wear can be two-body, where the hard particle is an integral part 
of one surface like the composite fillers. The other type is the three-body abrasion, where 
the hard asperities are separate particles caught between the two surfaces. Example of the 
two-body abrasion is at the occlusal contact point areas, where the occlusal contact-free 
areas, the abrasion is usually three-body due to food mastication.(17) Another example of 
the three-body abrasive wear is the class III and V composite restorations exposed to tooth 
brushing. In general, abrasive wear is influenced by many variables, including the fillers 
content and distribution, the matrix, and the hardness of the material, the geometry of the 
abrasive hard asperities, the loading condition, and the sliding distance.(10),(17) 
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Corrosive wear occurs when chemicals interfere and impair the inter-molecular 
bonds in the material surface layer.(10) This reaction layer will be rubbed away after 
sliding against the opposing surface, exposing a fresh layer that is prone to more chemical 
attack, like acidic drinks, food, microorganisms, and saliva.(17) The material debris 
removed may clustered into a larger particles and interfere in a three-body wear mechanism.  
Dental wear can be considered as multifactorial, in which an interplay of attrition, 
corrosion, abrasion or other types can coexist simultaneously.(18) This complex interaction 
in the oral cavity makes it difficult to diagnose, and thus difficult to measure clinically and 
simulate in the in vitro machines.  
   
1.2.3 Wear Test Evaluation   
Generally, the wear property evaluation in dentistry can be accomplished either in 
vivo by direct clinical measurements, or indirectly by using laboratory replicated models, 
or by in vitro wear simulation devices.(10) One of the most common direct methods used 
is the categorization index by Smith and Knight,(19) in which they used the amount of 
exposed dentin to score the tooth wear of the occlusal/incisal, buccal, lingual, and cervical 
tooth surfaces. On the other hand, the wear measurement around the restorations was 
categorized by the United States Public Health Service (USPHS) system by using the 
amount of enamel exposed at the cavity margin as being ‘alpha’: no wear; ‘bravo’: wear 
which causes a detectable catch at the margin; and ‘Charlie’: wear which exposes the 
amelodentinal junction.(20) Another major direct method is the one developed by 
Ryge(21) where he applied a qualitative criterion suitable for application in longitudinal 
clinical research. However, his technique has two major disadvantages. First, the need for 
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good calibration among the evaluators, and second, the limited discriminating capacity of 
its scale.(17) 
Regarding the indirect method, there are a number of measurement systems that 
can be used with the replica model. Most of these methods use the comparison technique, 
in which they evaluate the marginal enamel step and compare it with standard reference 
models or calibrated reference steps.(10) The Leinfelder’ system(22) and the Vivadent 
method(23) used the standard reference model for the comparison, whereas the calibrated 
step methods were described by Mair.(24) The main disadvantage of these systems is that 
they evaluate only the wear at the restoration margin without considering the wear 
occurring at other sites. Several methods were proposed later to assess the other sites, 
including the three dimensional mapping and the laser interference methods.(25) 
Digital mapping of tooth surfaces was considered to be the most accurate indirect 
method for measuring the restoration wear.(26) Although the use of sophisticated digital 
techniques usually provide better accuracy and more extensive information about wear of 
restored teeth, however, they are too expensive and time-consuming, and may show a high 
standard deviations as a result of inaccurate replicas.(17)  
Currently, there is no universally accepted experimental in vitro method that 
simulates clinical behavior for evaluating the wear of dental materials.(17)  Because the in 
vivo wear measurements are complicated and time-consuming, in vitro wear simulation 
devices had been developed as an attempt to simulate the clinical masticatory cycle and 
oral environment.(10) However, most of the factors that influence the clinical wear were 
not taken into consideration during the fabrication of these simulators. These important 
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factors include the force profile, contact time, sliding movement, clearance of worn 
material, etc.(27) One of the first simplest machines used were the pin-on-disc devices, 
which were commonly used in the engineering field.(10) Later, the intermittent sliding 
action of the teeth was incorporated in devices, like the one developed by Harrison and 
Lewis.(28) Additionally, Eisenburger and Addy(29)
 
have developed a more complex 
reciprocating wear test machines to achieve a higher simulation level of the sliding action 
of the teeth. 
Many of the two-bodied wear tests had a difficulty in selecting the appropriate 
abrader or antagonist. Although the use of an enamel antagonist is more clinically relevant, 
however, the morphology and physical characteristics will vary among specimens. These 
antagonists were replaced by more homogenous ones, like the use of stainless steel(30) or 
steatite.(31)  However, the mechanical and chemical properties of these antagonists are 
different from that of human enamel, making the final results less clinically relevant and 
maybe questioned.  Moreover, it was found that the use of steatite as an antagonist had a 
controversial wear value results compared to the natural antagonists, which affects its 
suitability as an enamel substitute.(32) Both natural enamel and synthetic antagonists have 
major disadvantages, which makes the choice of antagonists highly arbitrary.  
The tooth brushing machines, on the other hand, are commonly used to simulate 
the toothbrush abrasion concept. It included different elements, like programmable 
brushing techniques and paths, abrasive slurries, different number of cycles, times and 
load.(18) 
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Other two-body wear simulators that have been designed and used with varying 
degree of success are two-body wear rotating counter sample, taber abraser, oscillatory 
wear test, modified polisher and fretting test.(33-35)  
The three-body wear simulators have been used more often by researchers in order 
to mimic the oral environment and biological variables. The International Standards 
Organization (ISO) published a technical specification for dental wear in 2001, titled 
“Dental Material, Guidance on testing of wear. Part2. Wear by two-and/or three-body 
contact”.(36) Eight wear testing methods were described in this specification, including 
DIN, ACTA, Zurich, Alabama, Freiburg, Minnesota or MTS, Oregon Health Science 
University or OHSU, and Newcastle. Heintze and colleagues(37) used five of these 
systems (IVOCLAR, Zurich, MUNICH, ACTA, and OHSU) to compared the wear of nine 
restorative materials. They found that the wear values are highly dependent on the testing 
system. 
The ACTA device has two metal rotating wheels that are in close contact with each 
other, and have about 15% difference in circumferential speed. One wheel will serve as the 
holder of the test specimens, whereas the other wheel serves as antagonist, which is usually 
made of textured and hardened steel. Weights or springs are also adjusted to apply the 
appropriate force on the wheels. Seed shells suspension is usually used as a medium.(38) 
Condon and Ferracane(39) developed a test rig that incorporate abrasive discs and 
slurries to account for the three-body wear and to mimic the abrasion and attrition 
condition. Their machine was called Oregon Health Science University (OHSU) wear 
tester, which included a unidirectional sliding extension that accommodates an enamel 
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antagonist that is driven across the tested material in one direction with the presence of 
abrasive slurry material. It was claimed that their results have a strong correlation with 
clinical observations for both abrasion and attrition. 
Krejci and coworkers(40) developed a computer-controlled chewing simulator 
(Zurich method) to mimic the wear mechanisms and temperature changes that usually 
occur in the mouth. It accommodates using either natural enamel cusps or metallic 
antagonists. According to their study, it was suggested that natural enamel cusps must be 
used as the opposing dentition. 
Another type of chewing simulators is the Willytec machine, which has been 
commercially available since 1997.(27) This simulator allowed both crowns and bridges 
to be loaded to test the fractures and to evaluate the deterioration of the marginal integrity. 
It contains a step motor, which can produce both horizontal and lateral movements. In 
addition, this simulator includes a thermocycling system, by controlling the heating and 
cooling systems using magnetic valves.  
The MTS chewing simulator was available since the early 1990s,(41) and is 
considered the most qualified machine to test wear in vitro because it is only device with 
an incorporated force sensor.(27) The machine has a hydraulic actuator, which produces a 
highly reproducible force in both vertical and lateral movements. Because all other 
simulators lack control of force during the movement of the stylus, they show high 
coefficient of variation of their results (28–40%) and the poor reproducibility of wear 
results.(42)  
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There is a lack of correlation between the prospective in vitro studies with the long-
term in vivo results using identical materials, making all wear simulation methods lack the 
evidence of their clinical relevance.(27)  
Various in vitro wear simulation machines have been used for the evaluation of 
wear behavior. Currently, there is no universally accepted experimental in vitro method 
that simulates clinical behavior for evaluating the wear of dental materials.(17)  Because 
the in vivo wear measurements are complicated and time-consuming, in vitro wear 
simulation devices had been developed as an attempt to simulate the clinical masticatory 
cycle and oral environment.(10) However, most of the factors that influence the clinical 
wear were not taken into consideration during the fabrication of these simulators. A pin-
on-plate two-body abrasion device was used in this study, which did not include the impact 
component feature. This is due to the believe that the impact component is not significant 
in the intraoral wear mechanism, because of the marked deceleration of the mandible 
immediately before teeth contact.  Although this in vitro model may lack the precise 
simulation of all biological variables, however, a good control of the variables and the 
environment of the wear test should provide adequate basis to compare the wear properties 
of the dental composites tested.  
The dental literature has focused on evaluating the wear properties of regular 
composites and correlation to the in vivo results. Yet, little is known about the wear 
behavior of the flowable composites in comparison to the regular universal composites. In 
addition, the mechanical and esthetic properties of the flowable composites, like 
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microhardness and surface gloss, are not well evaluated and correlated to the wear 
characteristics. 
The purpose of the study was to investigate the two-body wear effect of some newly 
released flowable composites against two types of antagonists, dental enamel and Vitabloc 
Mark II ceramic, and compare them to universal packable composite. Additionally, the 
study compared the wear properties of the two different types of antagonists, human 
enamel cusps and vita mark II ceramics. Finally, the study evaluated the mechanical and 
esthetic properties, including microhardness, gloss, and surface roughness, of all the resin 
composites and correlate it to the wear characteristics of the materials. The roughness of 
the resin composites was measured before and after testing, as the composite roughness 
has been correlated with wear.  
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CHAPTER 2 LITERATURE REVIEW 
  
2.1 Wear of Flowable Composite Against Human Enamel 
2.1.1 Factors Affecting the Wear 
The human enamel cusps are considered to be the ideal choice as an antagonist 
material in the wear tests. However, there is a high concern in regards to the inhomogeneity 
of the enamel for in vitro studies. In order to overcome this issue, a careful qualitative 
examination must be applied to the teeth and cusps used in the study. Other intrinsic 
disadvantages in the use of human dental enamel that makes it less desirable in the in vitro 
studies are sample size limitation, variation in morphology and physical properties, and the 
possibility of cross-infection.(43)  
Many factors can affect the wear resistance of the flowable resin composites, 
among which is the inter-particle filler space. The smaller the space between the particles 
is, the higher wear resistance of the flowable material is expected.(44)  In 1987, 
Jorgensen(45)  concluded that 0.1 µm or less inter-filler space would protect the resin 
matrix from food abrasion based on his clinical observations of composite restorations. 
Particle size was also tested in numerous studies; Satou and partners(46) conducted 
an in vitro wear study of multiple composite materials opposed by both human enamel and 
stainless steel antagonists, and found that finer filler particles would increase the wear 
resistance of the composite material. Another factor is the filler loading of the flowable 
composites. In 2005, an in vitro study by Clelland and colleagues(47), evaluated both 
flowable and heavily filled composites after wear against human enamel antagonists using 
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the OHSU wear testing machine, and found that the flowable composites exhibited more 
wear compared to the highly filled composites. The degree of polymer conversion of the 
resin matrix was also evaluated to have a significant effect on the composite wear. An in 
vivo study by Ferracane and coworkers(48), tested different types of composites placed on 
denture teeth of edentulous patients, and found that there was a negative correlation 
between the degree of cure and the abrasive wear of the hybrid composites. Another in 
vitro study by Benetti and researchers(49), investigated the effect of curing rate and the 
degree of conversion on the wear of resin composites. They concluded that a higher wear 
resulted from the pulse-delay curing mode compared to the continuous curing mode. 
Another factor that may affect the wear properties of the resin composites is the type silane 
coupling agent and the resin matrix adhesion. Lim and partners(50) tested composite 
material with different silane coupling agents after wear against human enamel antagonists 
using the OHSU wear testing machine, and found that a more stable silane coupling agent 
used, the higher filler/matrix adhesion is, which will increase the wear resistance of the 
composite material. 
Furthermore, some physical characteristics of the abrasive particles can contribute 
on the resin composite wear. Suzuki and colleagues(51) evaluated the wear of different 
resin composite materials opposed by human enamel antagonists, and found that factors 
such as hardness, shape, and size of the filler particles have been shown to have a 
pronounced effect on their ability to wear surfaces. The coarser filler particles produce 
rougher surfaces, and lead to more wear than finer ones. Regarding the shape or degree of 
angularity, the more angular particles will produce more wear than the rounded ones.  
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2.1.2 Measurements of the Wear 
Several methods have been used in the laboratory studies to measure the wear and 
abrasion resistance of resin composite, including profilometrical tracings,(52) weight 
loss,(30) photomicrographs,(17) or 3D laser scanning.(53) Moreover, contributing factors 
and properties to the wear performance have been also evaluated in vitro, including fracture 
toughness, tensile strength, flexural strength, hardness, and surface roughness. Although 
some of these physical properties are highly correlated, it is not easy to predict the wear 
resistance solely from these physical properties.(17) 
Another challenge is how to compare the data taken from several wear studies, even 
when identical wear simulating systems are used. The main reason is due to the differences 
in methodology, including different polymerization techniques, polishing procedures, and 
different antagonists. Moreover, it was noticed that different, and sometimes inverse, wear 
values were shown when using pin-on-disk or artificial mastication devices compared to 
the 3-body wear testing of restorative materials.(54) Several clinical studies have suggested 
that wear of restorative composites depend on the localization and loading type. Restorative 
composites with filler size greater than 1 µm are more likely to resist against attrition, 
whereas smaller filler size are likely to reduce the abrasion wear. Moreover, the hybrid and 
nanofilled composites usually exhibited good abrasion resistance, but susceptible to 
fracture.(54) 
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2.2 Wear of Flowable Composite Against Dental Ceramics 
2.2.1 Factors Affecting the Wear 
Dental porcelain is considered one of the readily available candidates for use as 
an antagonist material.(43) A finer grain size and less abrasive porcelains are usually the 
best choice to match the wear characteristics of the human enamel. Heintze and 
others(42)  suggested the need of using a standardized and artificial antagonists in wear 
studies, due to the less variability and simpler preparation to achieve adequate shape as 
compared to the human enamel antagonists. Generally, the wear rate will depend on the 
type and brand of the porcelain used, and the surface finishing and polishing of the 
porcelain.  
Limited studies have been conducted to evaluate the wear of resin composite 
material against ceramic antagonists; however, none of them used flowable composite 
material. In 2009, an in vitro study by Ghazal and Kern(55), who evaluated and correlated 
the two-body wear of nanofilled composite and human enamel opposed by ceramic 
antagonist with different surface roughness values. They concluded that wear of resin 
composite was higher than wear of human enamel, and the surface roughness of the 
ceramic antagonist affected the wear of human enamel more than the resin composite. A 
more recent in vitro study by D'Arcangelo and researchers(56), evaluated the two-body 
wear of new resin composite materials opposed by zirconia antagonists, and compared it 
with wear resistance of other materials, like human enamel and gold alloy. It was noticed 
that the wear properties of the newly introduced resin composite material used in their 
study proved to be similar to the human enamel and gold alloy materials. 
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2.3 Surface Roughness of the Flowable Composite Material 
Surface roughness is a material property that is affected by the interaction of many 
factors, both intrinsic and extrinsic.(57) The intrinsic factors are usually related to the 
material composition, including the filler type, shape, size, and distribution. Moreover, the 
type of resin matrix, the degree of curing achieved, the bond efficiency and the stability of 
the coupling agent used. On the other hand, the extrinsic factors are related to the polishing 
system used, such as the flexibility and hardness of the abrasive materials used for 
polishing, the geometry of the polishing instruments, and the way they are handled and 
used.(58)  
Generally, most of the studies that evaluated the surface roughness of resin 
composite used the profilometers, and considered the surface roughness one of the criterion 
to assess the deterioration and longevity of restorations. Ra is considered the most 
commonly used parameter to describe surface roughness, which is the arithmetic mean of 
vertical movement of a profile from the mean line.(59) 
Surface roughness is considered a measure of the quality of finishing and polishing 
of the composite surface.(4) A perfectly smooth surface for flowable composite materials 
can be achieved when the restorations cured against a Mylar strip, however, it will produce 
a resin rich layer, which will affect the wear resistance.(60) The advantages of achieving a 
smooth surface on a restoration are: to provides acceptable aesthetics, to lower the plaque 
accumulation, and thus to prevent recurrent caries and periodontal disease.(61) Moreover, 
the periodontal health is influenced by the finishing and polishing of restoration surfaces 
located near the gingiva.(62) In 1975, Weitman and Eames(63) reported that plaque can start 
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to accumulates on composite restorations with a surface roughness of 0.7-1.44 µm.(64) On 
the other hand, Bollen and coworkers(65) stated that batcterial adhesion starts at a surface 
roughness of 0.2 µm.  
Additionally, the size and shape of resin composite fillers might affect the surface 
texture of the composite restoration subjected to finishing and polishing procedures. In 
2008, Ozel and partners(66) investigated the influence of one step polishing system on the 
surface roughness of different flowable composites, and found that the lowest roughness 
values were obtained after using the one-step Mylar strip technique. Also, it was found that 
the flowable composite with higher filler content produced relatively rougher surfaces after 
different polishing treatments when compared to other flowable composites. Korkmaz and 
colleagues(67) reached the same finding, that the one-step polishing systems could be 
successfully used to polish nanocomposites. 
Moreover, Yazici and partners(68) evaluated the surface roughness of four 
different flowable composite materials, and reported no significant differences in surface 
roughness values among the unpolished specimens of the flowable composites that are 
similar in the filler particle size. In 2012, Han and coworkers(69) compared the wear 
resistance and surface roughness of nanofiller-containing composites and microhybrid 
composites after the wear simulation, and found that nanofillers did not significantly 
affect the wear resistance of the resin composites, but improved the surface roughness.    
Few studies have compared the surface roughness of flowable composites with 
other types of composites. Uctasli and others(70) compared the surface roughness of 
flowable composite with a packable composite before and after finishing and polishing 
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with Sof-Lex discs by using profilometer , and found that the flowable composite 
materials showed smoother surfaces before the finishing and polishing. However after the 
polishing, both types produced similar surface textures. It is therefore, essential to have 
more studies comparing the surface roughness of flowable composites with roughness of 
other types of composites.  
 
2.4 Microhardness of the Flowable Composite Material 
2.4.1 Overview and Classifications 
The hardness is considered a quality of the composite material, and can be defined 
as the resistance to indentation and degradation forces.(71) Hardness is an important 
mechanical property, which usually indicate the degree of restorative material cure.(72)  
Hardness indentation is one of the most commonly non-destructive methods used 
to determine the mechanical properties of a material. It provides simple, reliable, and 
relatively inexpensive method to evaluate the basic properties of new materials.(73) In 
general, the indentation hardness is measured by applying force on the specimen’s surface, 
using an indenter with a specific geometry, such as a ball, cone, or pyramid.  
Two methods are generally used to measure the indentation hardness. The 
conventional procedure, which consists of performing a fixed load on a diamond indenter 
and measuring the dimensions of the indentation by the aid of optical microscopy.(73) A 
more improved method is the dynamic nano- or micro-indentation method, which is a 
depth-sensing indentation test. In this method, the diamond indenter tip is pressed into the 
specimen until a given maximum load then removed, then it records the load and the 
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displacement force of the indenter.(73) 
There are two main categories of the classical hardness measurements: 
macroindentation tests, usually used for loads greater than 1 kg, and microindentation tests, 
used for loads less than 1 kg, which is suitable for studying dental restorative materials.(74) 
Several ways can be used to measure the microindentation hardness, among which is the 
Knoop hardness, which is commonly indicated for evaluation of polymeric materials, such 
as resin composites, because it minimizes the effect of elastic recovery.(71) Another 
commonly used test is the Vickers microindentation test, which was used as an indicator 
of the degree of resin polymerization.(75) This type of indentation involves a larger surface 
area, and considered to have a better representation of the multiphase material surface. 
Both Knoop and Vickers techniques take an image of their indentations, and the hardness 
is measured by dividing the applied load by the area of indentation remaining after the 
indentation procedure. Another category is the hardness by nanoindentation technique, 
which is considered simple, reproducible, and relatively nondestructive. However, its main 
disadvantages are the requirement of a flat specimen surfaces, and its expensive 
instrumentation.(76) On the other hand, errors might be expected when using the 
conventional microhardness investigations, due to the difficulty in optically measuring of 
the diagonal lengths with high degree of accuracy, particularly in a small indentation area. 
However, nanohardness values are not usually compared with conventional microhardness 
values. The main reason is that microhardness are calculated from the induced permanent 
surface deformation after load removal; on the contrary, nanohardness is obtained from the 
plastic depth rather than the final depth. Therefore, the microhardness values of a specific 
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material may be significantly greater than its nanohardness values.(77) 
 
2.4.2 Correlation to the Wear Properties 
 
Material hardness was thought to predict the wear characteristics of the restorative 
material,(3) however, this prediction was somehow controversial. In 1976, Harrison and 
Draughn(78) conducted an in vitro study to correlate the composite material hardness with 
its wear resistance. Their data showed no consistent relationship between both 
characteristics. A more recent in vitro study by Schultz and coworkers(79), compared the 
wear performance of packable and flowable composites with their mechanical 
characteristics, including hardness. They have also noticed no clear correlation between 
the wear and the hardness properties of the flowable composites.  On the other hand, El-
Safty and colleagues(76), found a correlation between the nanohardness of the flowable 
resin composite with its filler loading, after conducting an in vitro study on different 
flowable composite with different filler loadings.   
On the other hand, a more clear correlation was found between the hardness and 
the polishing procedure of the resin composites. Chinelatti and partners(80) evaluated the 
surface hardness of different resin composites, among which are flowable, before and after 
polishing at different times. They have concluded that all composite materials, regardless 
of their types, exhibited higher hardness after polishing, and it was more evident when the 
polishing was delayed. In an agreement to the previous study, Yazici and researchers(72), 
also investigated the effect of delayed finishing and polishing on the flowable composite 
materials, and concluded that delaying it will produce higher hardness.  
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Another proposed correlation was between the composite hardness and the depth 
of cure, or curing intensity. In 1985, Ferracane(81) conducted an in vitro study to determin 
the nature of the correlation between the hardness and the degree of conversion of the 
unfilled resin composites. He found a positive correlation between both properties. A more 
recent in vitro study by Alkhudhairy(82), evaluated the effects of two different light curing 
intensities on the mechanical properties on different flowable composites. He noticed a 
positive influence on the microhardness of the flowable composites after using the higher 
curing light intensity.  Flury and colleagues(83) investigated the influence of the increment 
thickness of the flowable composites on their microhardness values. They have noticed 
that, at increasing the increment thickness, the microhardness will decrease in conventional 
resin composites, but will remain constant for the bulk fill types of flowable composites. 
This was in agreement with another study, by Garcia et al.(84), who concluded that all 
types of flowable materials used exhibited a decrease in hardness with increasing the depth, 
except the SureFil SDR flow, which is a bulk fill flowable resin composite.   
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2.5 Gloss of the Flowable Composite Material 
2.5.1 Overview  
Gloss can be defined as the ability of the composite material to have a highly 
reflective surface, and usually measured in gloss units (GU).(85) The reflection of the 
light beam from the restoration surface depends on how flat the surface is. Accordingly, 
increasing the surface roughness of the restoration will increase the degree of the random 
light reflection from the composite surface, leading to decreased gloss.(86)  
Finishing and polishing plays an important role on the esthetic and longevity of 
the flowable composites. Several studies concluded that the composite material 
roughness and gloss is highly dependent on the finishing and polishing instrument type, 
shape and hardness.(87-89)  
In 2008, Takanashi and others(89) conducted an in vitro study to compare the 
surface roughness and gloss of several flowable composites after standardized polishing 
technique. They found that flowable composites with spherical filler shape produced higher 
gloss after polishing. They also suggested that the polishing particle size should be less 
than 12 µm in order to achieve satisfactory surface roughness and gloss. In regards to the 
timing of the finishing and polishing procedure, an in vitro study by Yazici and partners(72) 
investigated the effect of delaying the finishing and polishing procedure of flowable 
composite on their surface roughness, hardness, and gloss. It was concluded that there is 
no significant difference between immediate and delayed finishing and polishing procedure 
on the surface roughness and gloss and it was material dependent. However, the delayed 
polishing significantly increased the hardness of all materials. In agreement with the 
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previous study, Lee et al(90) and Heintze et al(91) found that, the gloss was not only 
affected by the surface roughness, but also by the refractive indices of the resin matrix and 
fillers. Moreover, Uctasli and coworkers(70) stated that, due to the lower filler content in 
flowable composites, the gloss is more sensitive to the size of polishing particles, which 
may easily abrade the exposed resin matrix.  
Many studies(92-94) concluded that polishing the microfilled resin composites is 
more efficient than polishing the hybrid resin composites. However, more investigations 
need to be conducted on the recently introduced flowable composites, in order to evaluate 
their surface properties such as surface roughness and gloss.  
 
2.5.2 Correlation to the Wear Properties 
 
Very few studies have been conducted to correlate the gloss of the resin composite 
with its wear characteristics. In 2005, Lee and colleagues(90) evaluated the changes in 
gloss of multiple composite resins with different filler characteristics after generalized wear 
simulation. They concluded that there was a significant correlation between the gloss and 
the number of wear cycles, and not with the amount of wear depth. It was also noticed that 
the amount of gloss after wear simulation differs according to the composite type. The 
composite with smaller filler size (0.2 µm) produced highest gloss results, followed by 
nanofilled composite, then microfilled, then microhybrid composites.  It was also 
mentioned that the gloss was influenced by the shape of the fillers, in which the spherical 
fillers produced the best gloss results, which was in agreement with previous article by 
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Takanashi and partners.(89) Another study by Kamonkhantikul and researchers(95), 
investigated the surface roughness and gloss of several resin composites based on the filler 
characteristics after tooth brushing abrasive wear. They found that all composites exhibited 
gloss reduction after the tooth brushing abrasion, except the nanofilled composite type, 
which retained its gloss up to 40k brushing cycles. It is also important to mention that, the 
filler shape in the nanofilled composite used in that study was spherical, which is also in 
agreement with the previous articles.(89),(90)  
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CHAPTER 3 SPECIFIC AIMS AND HYPOTHESIS 
 
Specific Aims: 
•   To evaluate the two-body wear of newly released flowable resin composites in 
terms of wear depth, weight loss, and surface roughness, and volume loss, and 
compare it to the packable universal resin composite.  
•   To compare the mechanical and esthetic properties (hardness, surface roughness, 
and gloss) of all the resin composites and correlate it to the wear characteristics of 
the materials.  
•   Also to compare the wear resistance properties (wear depth, weight loss, volume 
loss and surface roughness) of all the resin composites when opposed by two 
different types of antagonists, human enamel cusps and Vitablocs Mark II ceramics. 
 
Null Hypothesis: 
•   There is no significant difference in the wear properties (wear depth, sample weight 
loss, sample volume loss, sample surface roughness) of the newly released flowable 
resin composites aimed to restore the posterior cavities compared to the universal 
hybrid resin composite.  
•   There is no significant difference in the wear properties between different types of 
flowable composites after the wear testing. 
•   There is no significant difference in the wear resistance of the different types of 
flowable composites between two different types of opposing antagonists, human 
enamel cusps and Vitabloc Mark II ceramics.   
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•   There is no significant difference in the microhardness of the newly released 
flowable resin composites aimed to restore the posterior cavities compared to the 
universal hybrid resin composite.  
•   There is no significant difference in the gloss of the newly released flowable resin 
composites aimed to restore the posterior cavities compared to the universal hybrid 
resin composite.  
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CHAPTER 4 MATERIALS AND METHODS 
 
4.1 Wear Test 
This in vitro study was performed to evaluate the wear characteristics of six 
different resin composite materials when they were opposed against two types of 
antagonists: human dental enamel cusps, and Vitablocs Mark II ceramics (Vita Zahnfabric, 
Bad Säckingen, Germany). Five different flowable resin composite materials were tested 
in this study and one packable universal composite was used as a control.  
 
4.1.1 Pilot Study 
A pilot study was conducted using four samples for each study group. All 
equipment and techniques were reviewed and the operator was calibrated to be familiar 
with the system.  
 
4.1.2 Sample Size Calculation 
  After acquiring pilot study results, JMP Pro 12 Statistics Software was used to 
calculate the sample size. A power analysis was conducted using the data from the pilot 
study. After using the one-way ANOVA in the software, the total sample size for each 
group was 8 to get 85% power of wear depth.  
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4.1.3 Materials  
•   The five flowable and one universal composites used in this study are (Figure 1 & 
Table 2): 
1.  Filtek Supreme Ultra Flow (3M ESPE, St. Paul, MN, USA), 
2.  NovaPro Flow (Nanova Biomaterials, Columbia, MO, USA), 
3.  SureFil SDR Flow (Dentsply Caulk, Milford, DE, USA), 
4.  Clearfil Majesty ES Flow (Kuraray America, Inc., New York, NY, USA), 
5.  G-aenial Universal Flo. (GC America Inc., Alsip, IL, USA). 
6.  The packable universal composite used as a control in the study was Filtek 
Supreme Ultra Universal (3M ESPE, St. Paul, MN, USA). 
•   The antagonists used in this study are: 
1.  Human dental enamel cusps, 
2.  Vitablocs Mark II ceramic rods (Vita Zahnfabric, Bad Säckingen, Germany) 
(Figure 2). 
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Figure 1. The resin composite materials used in the study.  
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Table 2. Composition of the resin composites used in the study. 
Resin 
Composite 
Manufacturer 
& 
Lot Number 
Composition of the Resin Composition of the 
Fillers 
Filler Size Filler 
Weight 
Content 
Filtek 
Supreme 
Ultra 
Universal 
3M ESPE 
 
Lot # N818411 
Bis-GMA, UDMA, 
TEGDMA, Bis-EMA, 
Non-aggregated 
Silica fillers 
 
Aggregated 
Silica/Zirconia 
Clusters 
 
20 nm Silica 
fillers, 
 
4 to 11 nm 
Zirconia 
particles 
78.5% 
Filtek 
Supreme 
Ultra Flow 
3M ESPE 
 
Lot # N783416, 
N826283 
Bis-GMA, TEGDMA, Bis-
EMA, Procrylat resin 
Non-aggregated 
Silica fillers 
 
Aggregated 
Silica/Zirconia 
Clusters 
 
Ytterbium trifluoride 
particle 
20 & 75 nm 
Silica fillers, 
 
4 to 11 nm 
Zirconia 
particles, 
 
0.1 to 5 
micron  
Ytterbium 
trifluoride 
particle 
 
65%  
NovaPro 
Flow 
Nanova 
Biomaterials 
 
Lot # FS091715B, 
FC091715B 
Bis-EMA, TEGDMA, 
UDMA 
Barium Borosilicate 
Glass, 
Hydrophopic 
Amorphous Fumed 
Silica, 
Hydroxyapatite  
 
HA 
Nanofiber 50-
200 nm in 
diameter, 
glass particle 
0.7 micron  
60%  
SureFil SDR 
Flow 
Dentsply 
 
Lot # 1606061 
Modified urethane 
dimethacrylate, 
EBPADMA, TEGDMA 
Barium & Strontium 
alumino-fluoro-
silicate Glass 
 
4.6 µm fillers 68%  
Clearfil 
Majesty ES 
Flow 
Kuraray America 
 
Lot # AM0050, 
2K0047 
TEGDMA, Hydrophobic 
Aromatic dimethacrylate 
Not specified  0.01 to 19 µm 
fillers 
75% 
G-aenial 
Universal 
Flow 
GC America Inc 
 
Lot # 1602232 
UDMA, Bis-MEPP, 
TEGDMA 
Silicon Dioxide, 
Strontium Glass 
16 nm Silicon 
Dioxide, 
 
200 nm 
Strontium 
Glass  
69% 
Bis-GMA: bis-phenol A glycidyl methacrylate; UDMA: urethane dimethacrylate; TEGDMA: 
triethyleneglycol dimethacrylate; Bis-EMA: bis-phenol A polyethoxylated dimethacrylate; EBPADMA: 
ethoxylated bisphenol dimethacrylate; Bis-MEPP: 2,2-Bis (4-methacryloxypolyethoxyphenyl) propane. 
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Figure 2. Vitablocs Mark II block. 
 
4.1.4 Methods 
A sliding abrasion machine was used in this study, which is a commonly used 
machine for the two-body wear test (Figure 3). It consists of two compartments: the upper 
compartment, which holds the antagonist part of the test, and the lower compartment, 
which includes the opposing materials to be rubbed (Figure 4). A uniform sliding 
horizontal abrasion of the material and its antagonist was performed for a predetermined 
distance under an exact load in a wet environment for a certain number of cycles. The wear 
characteristic assessments can be made by measuring: the wear depth of the specimens, the 
weight loss of the specimens and the antagonists, and height loss of the antagonists, and 
surface roughness of the specimens, and the volume loss of the specimens. 
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Figure 3. Custom made sliding wear testing machine. 
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Figure 4. Enamel antagonist protruding from aluminum rod, sliding horizontally over the 
composite specimen. 
 
4.1.4.1 Wear Simulator 
  The linear sliding wear was simulated by using a sliding abrasion machine. The 
machine consist of two main parts (Figure 5): 
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Figure 5. An illustration of the sliding abrasion test machine.   
 
4.1.4.1.1 The Upper Compartment: 
The upper compartment is the moving and loading part of the sliding machine, 
which usually holds the antagonist part of the wear test. This compartment has four holes, 
which allow using four parallel metal rods. These rods will act as the antagonist holder of 
the human enamel cusps and the Vitablocs Mark II ceramics rods. Each rod was then loaded 
with 2N stainless steel weight, and the average antagonist’s tip surface area was 0.7 mm2. 
After calculating the newton per square mm, the pressure on the antagonist tip was 2.9 
megapascal or 420 pound per square inch (psi). This low vertical load was selected in order 
to maintain the attachment of the enamel and ceramic antagonists to the metal rods during 
the testing procedure. Moreover, it was found that this load was enough to notice a 
significant difference in wear depth and weight loss between the flowable composites used 
Weight 
composite 
Aluminum	  Mold 
2N Metal	  Rod 
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during the pilot study. The upper compartment with the antagonist holders is attached to a 
motor by an arm and a wheel fabricated to provide a horizontal sliding movement with a 
distance of 21 mm. This sliding abrasion machine allows only a back and forth linear 
sliding movement, and does not allow a lateral movement.  
4.1.4.1.2 The Lower Compartment: 
This part is designed to hold the aluminum molds, which contain the different resin 
composite materials, to be opposed by the antagonists in the upper compartment. The lower 
compartment can hold up to four aluminum molds to be placed parallel to each other. The 
container of the lower compartment can contain running water, which covers all the four 
specimens during the entire test time. The running water drainage is allowed through a 
drain hole in the side of the lower container to eliminate the abrasive debris during wear 
test. This will minimize the possibility of a three-body wear of the material tested.  
 
4.1.4.2 Antagonist Preparation 
4.1.4.2.1 Preparation of Human Enamel Cusp Antagonists (Figure. 6): 
  Freshly extracted sound human molars were selected for this study (Figure 6a). 
They were cleaned and stored inside a jar containing distilled water. The selection criteria 
for the extracted teeth were: the teeth were free of caries and fractures, absence of previous 
endodontic treatments or crowns, fully developed apices, and used within 1 year of 
extraction. Each molar was sectioned 3 times by using a low speed diamond saw in Isomet 
sectioning machine (Buehler, Lake Buff, IL, USA) under water cooling (Figure 6b). First 
section was at the tooth cervix 2mm below the cemento-enamel junction to remove the 
 45 
roots.  The crown of each tooth was then embedded in a dental utility wax (The Hygenic 
Corporation, Akron, OH, USA) in a 15 mm plastic cylinder (Figure 6c). Then, a metal stud 
was attached to that plastic cylinder by super glue (Grainer Inc., Lake Forest, IL, USA), 
which allowed a firm hold of the enamel cusp antagonist to fixture in the Isomet sectioning 
machine. The second section was performed in the crown in a buccolingual direction at the 
middle of the mesiodistal aspect. The third section was in mesiodistal direction in the 
middle of the buccolingual aspect. The sharper non-functional cusps (buccal cusps from 
the maxillary molars, and the lingual cusps from the mandibular molars) were selected for 
this study. The enamel cusps were then glued in a 6 mm plastic cylinder by using 
autopolymerizing resin (Figure 6d), then standardized and polished (will be described in 
section 4.1.4.2.3). Due to the concern of inhomogeneity of the human enamel used, a 
careful qualitative examination of each tooth and cusp was applied after the standardization 
by using a stereomicroscope (Swift M80, Swift Instruments Inc., San Jose, CA, USA) at 
20x magnification. After that, the embedded enamel cusps were then mounted in the 
antagonist holder in the wear testing machine, exposing the enamel cusps to the outside in 
order to allow the horizontal abrasion against the opposing surface.  
 46 
 
Figure 6. Enamel cusp antagonist preparation: a) Freshly extracted intact human molar, 
b) low speed Isomet sectioning machine, c) metal stud attached to the bottom of the 
embedded tooth crown, d) embedded enamel cusp in a plastic cylinder. 
  
a 
c 
b 
d 
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4.1.4.2.2 Preparation of Vitablocs Mark II Ceramic Antagonists: 
Ready-made, fully sintered Vita Mark II blocks were already fixed individually on 
a special metal holder that can hold the block firmly in position when mounted in the Isomet 
5000 precision machine (Buehler, Lake Buff, IL, USA) (Figure 7). Each block was then 
sectioned into 3×3 mm rods under water cooling by using the Isomet diamond saw. Each 
block provided about 12 ceramic rods with 15 mm in length. They were then sectioned into 
two halves, each mounted in a 6 mm plastic cylinder by using autopolymerizing resin, 
which was then mounted in the antagonist holder in the wear testing machine, exposing the 
ceramic cusps to the outside in order to allow the horizontal abrasion against the opposing 
surface. 
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Figure 7. Isomet 5000 precision cutting machine. 
 
4.1.4.2.3 Standardizing and Polishing the Antagonists: 
Both, the enamel cusps and the ceramic rods, were standardized by using slow-
speed, carbide, 4 mm diameter cup-shape bur (Busch cup bur, Armstrong Tool & Supply 
Co., Livonia, MI, USA) under water cooling in order to achieve a similar cusp tip surface 
area of all antagonists (Figure 8,9). A 6 µm polycrystalline diamond suspension (Sturbridge 
Metallurgical Services, Inc., Sturbridge, MA, USA) was applied on the ceramic rod tip to 
facilitate the standardization process. Then, using the slow-speed headpiece, the enamel 
cusps were polished by a series of sof-lex XT discs (3M ESPE, St. Paul, MN, USA), 
starting from the medium-coarse, then fine, to the extra-fine disc. On the other hand, the 
ceramic antagonists were polished by using aluminum oxide polishing discs (Buehler Ltd, 
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Lake Bluff, IL, USA), attached to a Buehler grinding-polishing system (EcoMet 250 and 
Automet 250, Buehler Ltd, Lake Bluff, IL, USA), starting from 1 µm Aluminum disc to 
the 0.05 µm disc, with 0.05 µm Aluminum oxide polishing suspension (Buehler Ltd, Lake 
Bluff, IL, USA). Each antagonist was then marked with a unique coding according to its 
group. After that, the weight of each antagonist was measured by using analytical balance 
(Mettler Toledo AE 50, Mettler-Toledo LLC, Columbus, OH, USA), and height was 
measured by using digital micrometer gauge (Mitutoyo ID-F150, Mitutoyo Co., Kanagawa 
213-8533, Japan). Finally, all the antagonists were stored in water at room temperature for 
24 hours before the wear test. 
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Figure 8. Slow-speed, carbide, 4 mm diameter cup-shape bur.   
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Figure 9. Standardizing the antagonists: a) using the slow-speed cup-shape bur to 
standardize the enamel cusp, b) enamel cusp antagonists after standardization, c) using 
the slow-speed cup-shape bur to standardize the ceramic rod, d) ceramic antagonists after 
standardization.  
 
4.1.4.3 Resin Composite Specimen Preparation 
The resin composite specimens were prepared by injecting each resin composite 
into aluminum molds (5 × 25 × 1.5 mm) (Figure 10). Each specimens was covered by a 
Mylar strip (Patterson Dental, St. Paul, MN, USA), and the excess was removed using a 
wax spatula. A glass slide was placed on the top of the Mylar strip, and finger pressure was 
applied in order to achieve a smooth surface and a good adaptation of the composite in the 
aluminum mold (Figure 11). Each specimen was then light cured, with continuous full 
power curing mode, for 40 seconds through the glass slide by using the Bluephase 16i light 
a b 
c d 
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cure machine (Ivoclar Vivadent Inc., Amherst, NY, USA). Before storing, each aluminum 
mold was marked with specific code according to its group (Figure 12), then all 
measurements were taken from each specimen, including the weight by using analytical 
balance (Mettler Toledo AE 50), the height by using digital micrometer gauge (Mitutoyo 
ID-F150), and the surface roughness Ra by using profilometer (Mitutoyo SJ-201, Mitutoyo 
Co., Kanagawa 213-8533, Japan). Finally, all the specimens were then stored in water at 
room temperature for 24 hours before the wear test. 
 
 
 
 
Figure 10. Injecting the resin composite material into aluminum molds. 
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Figure 11. Glass slide placed on the top of the mylar strip, and finger pressure was 
applied. 
 
 
 
Figure 12. Resin composite specimens after injecting and light curing in the aluminum 
molds. 
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4.1.4.4 Experimental Groups 
 The resin composite specimens were randomly divided into 12 groups (n=8) 
according to the opposed antagonist type.  
 
Study Groups (Table 3): 
Group 1: Filtek supreme ultra universal (3M ESPE) against natural enamel cusp 
(Control group) 
Group 2: Filtek supreme ultra flow (3M ESPE) against natural enamel cusp 
Group 3: Nanova pro flow (Nanova) against natural enamel cusp 
Group 4: SureFil SDR flow (Dentsply) against natural enamel cusp 
Group 5:  Clearfil majesty ES flow (Kuraray) against natural enamel cusp 
Group 6: G-aenial universal flo (GC) against natural enamel cusp 
Group 7: Filtek supreme ultra universal (3M ESPE) against Vita mark II ceramic 
rod (Second control group) 
Group 8: Filtek supreme ultra flow (3M ESPE) against Vita mark II ceramic rod 
Group 9: Nanova pro flow (Nanova) against Vita mark II ceramic rod 
Group 10: SureFil SDR flow (Dentsply) against Vita mark II ceramic rod 
Group 11:  Clearfil majesty flow (Kuraray) against Vita mark II ceramic rod 
Group 12: G-aenial universal flo (GC) against Vita mark II ceramic rod 
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Table 3. Study Groups. 
            Type of Antagonist 
 
Type of Composite 
Natural Enamel Cusps Vita Mark II Rods 
Filtek supreme ultra universal 
(3M ESPE) 
Group 1 Group 7 
Filtek supreme ultra flow (3M 
ESPE) 
Group 2 Group 8 
Nanova pro flow (Nanova) Group 3 Group 9 
SureFil SDR flow (Dentsply) Group 4 Group 10 
Clearfil majesty ES flow 
(Kuraray) 
Group 5 Group 11 
G-aenial universal flo (GC) Group 6 Group 12 
 
 
4.1.4.5 Performing the Wear Test 
After storing, all antagonists were mounted in the antagonist holder, and then 
transferred to the upper compartment of the sliding abrasion machine. The aluminum molds 
containing the resin composite specimens were screwed into the lower compartment of the 
machine. A constant weight (2N) was applied on each specimen during the sliding abrasion 
test for up to 200,000 cycles at rate of 120 cycle/minute for 21 mm sliding distance. A 
running deionized water was pumped slowly (1 L/hour) in and out of the lower 
compartment at all time to eliminate any particles generated by the wear test, to minimize 
the possibility of having a three-body wear instead of two-body wear test. After completing 
the test, the specimens and the antagonists were dried using paper towel, and then placed 
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in the vacuumed drying oven at 80 °C (the resin composite specimens were dried for 10 
minutes, and the ceramic and natural teeth antagonists were dried for 20 to 30 minutes). 
The measurements of each antagonist and specimen were taken after the 100,000 cycles, 
and then after completing the test of 200,000 cycles. 
 
4.1.4.6 Quantitative Analysis of the Wear Test 
4.1.4.6.1 Weight Loss Measurements of the Specimens and the Antagonists: 
The average weight loss of each resin composite material and each antagonist type 
was calculated as the mean weight loss of each specimen and antagonist in each group. The 
weight was measured by using the Mettler analytical balance (Figure 13).  
 
Figure 13. Analytical digital balance (Mettler Toledo) for measuring specimen’s and 
antagonist’s weight.  
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4.1.4.6.2 Height Loss Measurements of the Antagonists: 
The average height loss of each antagonist was calculated as the mean height loss 
of each antagonist in each group. The height was measured by using Mitutoyo digital 
micrometer gauge (Figure 14).  
 
 
Figure 14. Digital micrometer gauge (Mitutoyo ID-F150) measuring the height of the 
antagonist. 
 
4.1.4.6.3 Wear Depth Measurements of the Specimens:  
The depth of the wear groove was measured by a Mitutoyo digital micrometer 
gauge (Figure 15) with an accuracy of 0.001mm. This measurement was performed by 
taking the height measurement of each specimen at three different locations of the resin 
composite before the wear test, and then repeating the measurement at the same location 
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after completing the wear test. The deepest reading was recorded as wear depth of that 
specimen.  
 
 
Figure 15. Digital micrometer gauge (Mitutoyo ID-F150) measuring the wear depth of 
the composite specimen.  
 
4.1.4.6.4 Surface Roughness Measurements of the Specimens:  
The surface roughness of each resin composite specimen was measured by 
obtaining the mean of three measurements in three different locations before and after the 
wear test, using Mitutoyo SJ-201 profilometer (Figure 16). Each specimen was placed flat 
to facilitate the movement of the stylus after contacting the tested surfaces of the 
specimens. The stylus was programmed for a measurement length of 0.8 mm. The mean of 
the three roughness profile (Ra) readings was obtained to represent each specimen. 
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Figure 16. Surface roughness profilometer stylus measuring the wear area of the resin 
composite specimen. 
 
4.1.4.6.5 Volume Loss Calculation of the Specimens:  
The volume loss was calculated by dividing the weight loss by the density of the 
material. The density of each resin composite was taken from the brochures provided by 
the manufacturer, and verified by measuring the density manually using analytical digital 
balance (Mettler Toledo AB 204-S). (Subtract the dry weight from the wet weight of the 
specimen, and then divide the dry weight by the subtracted weight of the material) (Table 
3).   
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Table 4. Densities of the materials used in the study.  
 Filtek 
Supreme 
universal 
Filtek 
Supreme 
flow 
Novapro 
Pro Flow 
Clearfil 
Majesty 
SDR 
Surfil 
Flow  
G-
aenial 
Flo 
Vita 
Mark II 
Ceramic 
Density 
g/cm3 
1.95 1.69 
 
1.77 
 
1.80 2.00 
 
1.75 
 
2.10 
 
4.1.4.7 Qualitative Analysis of the Wear Test 
One representative sample was randomly selected from each group for scanning 
electron microscope (FESEM, SU6600 Series, Hitachi High-Technologies Co., Tokyo, 
Japan) examination of the surface morphology in order to evaluate the differences in the 
shape of wear surface. Two specimens from each composite material (one from the enamel 
antagonist group, the other from the ceramic antagonist group) were attached to an 
aluminum stub (SPI Supplies, West Chester, PA, USA) (Figure 17), and then coated 
(Figure 18) with 75% gold/25% palladium using a sputter (Technics Hummer V Sputter 
Coater, Union City, CA, USA). The specimens were then observed under the FESEM 
machine with an acceleration voltage of 15 kV (Figure 19). Both intact and wear area of 
each specimen were analyzed. 
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Figure 17. Composite specimens attached to aluminum stub before the SEM analysis. 
 
 
  
Figure 18. Gold/Palladium Sputter coating of the composite specimens before the SEM 
analysis. 
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Figure 19. Scanning electron microscope (FESEM, SU6600 Series). 
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4.2 Microhardness and Surface Gloss Test 
This part of the in vitro study was performed to evaluate and compare the 
microhardness and the surface gloss of six different resin composite materials, and to 
correlate these findings with the wear characteristics of each material. It includes five 
different flowable resin composite materials and one packable universal composite used as 
a control. For this part of our in vitro study, three resin composite specimens were 
fabricated from each material. 
  
4.2.1 Materials 
•   The five flowable and one universal composites used in this study are: 
1.  Filtek Supreme Ultra Flow (3M ESPE), 
2.  NovaPro Flow (Nanova), 
3.  SureFil SDR Flow (Dentsply), 
4.  Clearfil Majesty ES Flow (Kuraray), 
5.  G-aenial Universal Flo. (GC). 
6. The packable universal composite used as a control in the study was Filtek 
Supreme Ultra Universal (3M ESPE). 
•   A plastic/rubber mold was used to contain each specimen with 2 mm depth and 10 
mm radius. 
•   A clear acrylic resin (EpoxiCure 2 Epoxy System, Buehler Ltd, Lake Bluff, IL, 
USA) was used to fabricate the base of each specimen. The acrylic material was 
poured in a 33×45 mm plastic cylinder mold (SamplKups, Buehler Ltd, Lake 
Bluff, IL, USA) and left for 4 hours setting time.  
•   Aluminum oxide finishing and polishing discs attached to a Buehler grinding-
polishing system (EcoMet and AutoMet 250, Buehler Ltd, Lake Bluff, IL, USA).  
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4.2.2 Methods 
 
4.2.2.1 Resin Composite Specimens Preparation 
First, a clear acrylic resin was used to fabricate the base of each sample. The acrylic 
material was poured in a 33×45 mm plastic cylinder mold and left for 4 hours setting time. 
The resin composite specimens were prepared by injecting each resin composite into a 
circular shape rubber mold (15×1.5 mm) over the acrylic base (Figure 20). Then each 
specimen was covered by a glass slide, and finger pressure was applied in order to achieve 
a smooth surface and a good adaptation of the composite. Each specimen was then light 
cured, using the continuous mode of curing, for 40 seconds through the glass slide by using 
the Bluephase 16i light cure machine (Ivoclar Vivadent Inc., Amherst, NY, USA). Before 
storing, the acrylic base of each composite specimen was marked with specific code 
according to its group (Figure 21). Finally, all the embedded specimens were stored in tap 
water at room temperature for 24 hours before the finishing and polishing. 
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Figure 20. Injecting the resin composite material into rubber mold over the acrylic base. 
 
 
 
Figure 21. Cured resin composite on the epoxy bases. 
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4.2.2.2 Finishing and Polishing the Resin Composite Specimens 
The finishing and polishing procedure of the embedded composite specimens was 
performed by Buehler grinding-polishing system (EcoMet 250 and Automet 250, Buehler 
Ltd, Lake Bluff, IL, USA). The Automet holder can hold 6 1-1/2” specimens (Figure 22a). 
The light-cured side of each embedded specimen was first finished for 2 minutes with 15 
µm silicon carbide paper (Buehler Ltd, Lake Bluff, IL, USA) under continuous water 
cooling to remove the resin-rich surface layer (Figure 22b). The machine head was set a 
rotational speed of 60 rpm with 10 newtons load, and the base rotational speed was 100 
rpm. After rinsing with tap water, the embedded specimens were then polished with l µm 
(Figure 22c), then 0.3 µm (Figure 22d) sequentially with an alumina suspension paste 
(Precision Surfaces International, Inc., Houston, TX, USA) for four minutes each. After 
that, the embedded specimens were rinsed with tap water, and then ultrasonically cleaned 
in distilled water for 4 minutes using ultrasonic cleaning bath (Quantrex Q140, L&R 
Manufacturing Company, Kearny, NJ, USA) (Figure 23). 
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Figure 22. Finishing and polishing the resin composite specimens, a) Buehler grinding-
polishing system (EcoMet 250 and Automet 250), b) finishing process with 15 µm silicon 
carbide paper for 2 minutes, c) polishing the composite specimens with l µm Aluminum 
oxide polishing discs, d) polishing the composite specimens with 0.3 µm Aluminum 
oxide polishing discs. 
a b 
c d 
 68 
 
Figure 23. Ultrasonic cleaning of the embedded composite specimens in distilled water 
using Quantrex Q140 cleaning bath.  
 
4.2.2.3 Performing the Gloss Test 
The ability of the resin composite to obtain a highly reflective surface is quantified 
by surface gloss and its value is expressed in gloss unit (GU). Surface gloss at 60 degree 
angle was measured by a Novo Curve glossmeter (Rhopoint Instrument Ltd., Bexhill-on-
Sea, UK) (Figure 24a). The machine was calibrated according to the manufacturer 
instruction, and then each embedded specimen was placed on the machine and covered 
with a light tight box (Figure 24b) in order to eliminate the interference of the external 
light. Five gloss readings were taken from each specimen at different random locations, 
and the mean value was calculated and recorded as the GU reading of each specimen. 
Finally, the mean of the three specimens of each material was calculated as the GU of each 
resin composite material.  
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Figure 24. Performing the gloss test of a composite specimen, a) The composite 
specimen placed in the Novo Curve glossmeter, b) The composite specimen covered with 
a light tight box when measuring the gloss. 
 
4.2.2.4 Performing the Microhardness Test 
The Knoop’s microhardness was measured on a MICROMET 2003 microhardness 
tester (Buehler Ltd, Lake Bluff, IL, USA) (Figure 25a), and a 25 g load was applied to the 
sample surface with a dwell time of 15 seconds. The diamond of the Knoop’s hardness is 
rhombic shaped, and measurements are performed on the longest diagonal of the 
impression. Five indentations at different locations with at least 100 µm apart were 
performed on each specimen (Figure 25b). The five readings were averaged to produce a 
single hardness value for each specimen. Then, the mean of the three specimens of each 
material was calculated as the hardness value of each resin composite material. Knoop’s 
hardness is the ratio of the load applied to the area of the indentation, and it was computed 
directly through a computed in the MICROMET machine for each specimen using the 
following formula: 
  
a b 
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KHN = L / I2*Cp 
 
Where L = applied load in kilogram force (kgf) 
            I is the distance of the long diagonal of indentation in mm 
            Cp is a constant related to the area of the indentation (0.07028) 
 
 
Figure 25. Knoop’s hardness test of a composite specimen, a) The composite specimen 
placed in the MICROMET 2003 machine, b) Five indentations were performed on the 
embedded composite specimen on different locations. 
  
a b 
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4.3 Data and Statistical Analysis: 
A one-way ANOVA test was used to look for differences between groups. All post 
hoc tests were carried out using Tukey test with a probability level set at α=0.05 for 
statistical significance.  Moreover, in order to clarify the differences between the three wear 
cycle levels, and between the two types of antagonists, a Student’s t analysis test was 
conducted. In order to evaluate the correlation between the different variables, a regression 
analysis was performed, using the R2 and the p value to determine the significance. 
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CHAPTER 5 RESULTS 
 
5.1 Wear Properties 
5.1.1 Weight Loss of the Specimens and Antagonists 
 
5.1.1.1 The Specimens Weight Loss  
The weight loss means (g) of the resin composite specimens after wear against two 
different types of antagonists were calculated after 100,000 and 200,000 wear cycles and 
represented graphically in Figure 26. The A and B letters on the top of the bars indicate the 
significant differences between the two antagonist groups within the same composite 
material and within the same wear cycle (A is significantly higher in weight loss than B 
group).  
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Figure 26. Bar chart of composite weight loss measured at 100 k cycles and 200 k cycles 
after wear test against two types of antagonists (enamel cusps & ceramic cusps). 
 
The mean difference was significant below the 0.05 level (P<0.05). A one-way 
ANOVA test showed that there was a statistically significant difference among the tested 
groups. In order to clarify the differences among the groups, a Tukey analysis test was 
conducted and presented in Table 5, in which the levels that are not connected by the same 
letter are significantly different. Table 6 showed the weight loss significance of tested resin 
composites against enamel antagonists only. Table 7 showed the weight loss significance 
of tested resin composites against ceramic antagonists only. 
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Table 5. Weight loss significance of tested resin composites. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme Ultra 
Universal 
A    0.00369 0.00015 0.00482 
Clearfil Majesty Flow A B   0.00334 0.00015 0.00410 
G-aeniel  B C  0.00299 0.00015 0.00386 
SureFil  B C D 0.00273 0.00015 0.00386 
Filtek Supreme Ultra Flow   C D 0.00254 0.00015 0.00348 
NovaPro    D 0.00216 0.00015 0.00288 
 
 
Table 6. Weight loss significance of tested resin composites against enamel antagonists. 
Level Sig. Least Sq 
Mean 
Std Error Mean 
G-aeniel A  0.00295 0.00019 0.00371 
SureFil A B 0.00239 0.00019 0.00328 
NovaPro A B 0.00234 0.00019 0.00300 
Clearfil Majesty Flow A B 0.00228 0.00019 0.00305 
Filtek Supreme ultra Universal A B 0.00220 0.00019 0.00348 
Filtek Supreme ultra Flow  B 0.00203 0.00019 0.00266 
 
 
Table 7. Weight loss significance of tested resin composites against ceramic antagonists. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme ultra Universal A   0.00518 0.00024 0.00615 
Clearfil Majesty Flow A   0.00441 0.00024 0.00516 
SureFil  B  0.00306 0.00024 0.00444 
Filtek Supreme ultra Flow  B  0.00305 0.00024 0.00429 
G-aeniel  B  0.00303 0.00024 0.00401 
NovaPro   C 0.00199 0.00024 0.00275 
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Table 8. Descriptive analysis. Mean, standard deviation, and coefficient of variance of 
each composite weight loss measured at 100 k cycles and 200 k cycles after wear test 
against two types of antagonists (enamel cusps & ceramic cusps).  
 
 Specimen weight loss, g 
Material Type Wear Cycle, k Antagonist Type N Mean Std Dev CV 
Clearfil Majesty Flow 100 Ceramic 8 0.00441 0.00085 19.36 
    Enamel Cusp 8 0.00228 0.00022 9.62 
  200 Ceramic 8 0.00590 0.00090 15.24 
    Enamel Cusp 8 0.00383 0.00040 10.43 
Filtek Supreme Ultra 
Flow 
100 Ceramic 8 0.00305 0.00057 18.63 
    Enamel Cusp 8 0.00203 0.00044 21.89 
  200 Ceramic 8 0.00554 0.00093 16.80 
    Enamel Cusp 8 0.00329 0.00083 25.11 
Filtek Supreme Ultra 
Universal 
100 Ceramic 8 0.00518 0.00031 6.00 
    Enamel Cusp 8 0.00220 0.00035 15.93 
  200 Ceramic 8 0.00713 0.00034 4.73 
    Enamel Cusp 8 0.00476 0.00048 10.10 
G-aeniel 100 Ceramic 8 0.00303 0.00070 23.09 
    Enamel Cusp 8 0.00295 0.00065 21.97 
  200 Ceramic 8 0.00500 0.00105 20.95 
    Enamel Cusp 8 0.00448 0.00079 17.54 
NovaPro 100 Ceramic 8 0.00199 0.00041 20.56 
    Enamel Cusp 8 0.00234 0.00032 13.71 
  200 Ceramic 8 0.00351 0.00036 10.37 
    Enamel Cusp 8 0.00366 0.00041 11.11 
 SureFil 100 Ceramic 8 0.00306 0.00048 15.61 
    Enamel Cusp 8 0.00239 0.00050 20.93 
  200 Ceramic 8 0.00583 0.00078 13.35 
    Enamel Cusp 8 0.00416 0.00057 13.71 
 
In order to clarify the differences in weight loss between the two wear cycle levels, 
and between the two types of antagonists, a post hoc Student’s t analysis test was conducted 
and presented in Table 9 and 10, in which the levels that are not connected by the same 
letter are significantly different.  
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Table 9. Weight loss significance of tested resin composites at two wear cycle levels. 
Level Sig. Least Sq Mean 
200k cycle A  0.00476 
100k cycle  B 0.00291 
 
 
Table 10. Weight loss significance of tested resin composites at two different antagonist 
types. 
 
Level Sig. Least Sq 
Mean 
Ceramic A  0.00345 
Enamel Cusp  B 0.00236 
 
 
5.1.1.2 The Antagonists Weight Loss  
The weight loss means (g) of the two types of antagonists after wear against the 
different types of resin composite materials were calculated after 100,000 and 200,000 
wear cycles and represented graphically in Figure 27.  The A and B letters on the top of 
the bars represent the significant differences between the two antagonist groups within the 
same composite material and within the same wear cycle (A is significantly higher in 
weight loss than B group).  
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Figure 27. Bar chart of antagonists weight loss measured at 100 k cycles and 200 k 
cycles after wear test against different types of composite materials. 
 
A Tukey analysis test was conducted and presented in Table 11 in which the levels 
that are not connected by the same letter are significantly different.  
 
Table 11. Weight loss significance of antagonists tested against resin composites. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme Ultra Universal A   0.00344 0.00014 0.00429 
Clearfil Majesty Flow  B  0.00254 0.00014 0.00313 
Filtek Supreme Ultra Flow  B C 0.00210 0.00014 0.00283 
G-aeniel  B C 0.00204 0.00014 0.00284 
SureFil   C 0.00178 0.00014 0.00255 
NovaPro   C 0.00164 0.00014 0.00235 
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Table 12. Showing mean, standard deviation, and coefficient of variance of each antagonist 
weight loss measured at 100 k cycles and 200 k cycles after wear test against the different 
types of composite materials. 
 
In order to clarify the differences in antagonist’s weight loss between the two wear 
cycle levels, and between the two types of antagonists, a post hoc Student’s t analysis test 
was conducted and presented in Table 13 and 14, in which the levels that are not connected 
by the same letter are significantly different.  
  
 Antagonist weight loss, g 
Material Type Wear Cycle, k Antagonist Type N Mean Std Dev CV 
Clearfil Majesty Flow 100 Ceramic 8 0.00110 0.00009 8.42 
    Enamel Cusp 8 0.00398 0.00055 13.89 
  200 Ceramic 8 0.00196 0.00015 7.67 
    Enamel Cusp 8 0.00549 0.00054 9.86 
Filtek Supreme Ultra 
Flow 
100 Ceramic 8 0.00115 0.00031 26.70 
    Enamel Cusp 8 0.00305 0.00057 18.79 
  200 Ceramic 8 0.00224 0.00041 18.18 
    Enamel Cusp 8 0.00490 0.00083 16.93 
Filtek Supreme Ultra 
Universal 
100 Ceramic 8 0.00273 0.00017 6.12 
    Enamel Cusp 8 0.00416 0.00029 6.91 
  200 Ceramic 8 0.00438 0.00037 8.53 
    Enamel Cusp 8 0.00589 0.00036 6.05 
G-aeniel 100 Ceramic 8 0.00121 0.00030 24.72 
    Enamel Cusp 8 0.00286 0.00076 26.40 
  200 Ceramic 8 0.00213 0.00025 11.73 
    Enamel Cusp 8 0.00516 0.00100 19.40 
NovaPro 100 Ceramic 8 0.00068 0.00016 23.42 
    Enamel Cusp 8 0.00261 0.00056 21.31 
  200 Ceramic 8 0.00141 0.00027 19.09 
    Enamel Cusp 8 0.00471 0.00114 24.26 
SureFil 100 Ceramic 8 0.00129 0.00038 29.78 
    Enamel Cusp 8 0.00228 0.00045 19.76 
  200 Ceramic 8 0.00231 0.00055 23.85 
    Enamel Cusp 8 0.00434 0.00099 22.82 
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Table 13. Weight loss significance of two types of antagonists at two wear cycle levels. 
Level Sig. Least Sq Mean 
200k cycle A  0.00374 
100k cycle  B 0.00226 
 
Table 14. Weight loss significance of two types of antagonists. 
Level Sig. Least Sq 
Mean 
Enamel Cusp A  0.00316 
Ceramic  B 0.00136 
 
 
5.1.2 Height Loss of the Antagonists 
The height loss means (g) of the two types of antagonists after wear against the 
different types of resin composite materials were calculated after 100,000 and 200,000 
wear cycles and represented graphically in Figure 28. The A and B letters on the top of the 
bars represent the significant differences between the two antagonist groups within the 
same composite material and within the same wear cycle (A is significantly higher in height 
loss than B group).  
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Figure 28. Bar chart of antagonist height loss measured at 100 k cycles and 200 k cycles 
after wear test against different types of composite materials. 
 
 
A Tukey analysis test was conducted and presented in Table 15, in which the levels 
that are not connected by the same letter are significantly different.  
 
Table 15. Height loss significance of antagonists tested against resin composites. 
 
Level Sig. Least 
Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme Ultra Universal A  0.10244 0.00337 0.14706 
SureFil  B 0.04163 0.00337 0.05575 
G-aeniel  B 0.03794 0.00337 0.04806 
Filtek Supreme Ultra Flow  B 0.03450 0.00337 0.04347 
NovaPro  B 0.03363 0.00337 0.04216 
Clearfil Majesty Flow  B 0.03319 0.00337 0.04219 
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Table 16. Showing mean, standard deviation, and coefficient of variance of each antagonist 
height loss measured at 100 k cycles and 200 k cycles after wear test against the different 
types of composite materials after wear test. 
 
  Antagonist height loss, mm 
Material Type Wear Cycle, 
k 
Antagonist 
Type 
N Mean Std Dev CV 
Clearfil Majesty Flow 100 Ceramic 8 0.03200 0.00421 13.15 
    Enamel Cusp 8 0.03438 0.00374 10.88 
  200 Ceramic 8 0.04725 0.00568 12.01 
    Enamel Cusp 8 0.05513 0.00442 8.02 
Filtek Supreme Ultra 
Flow 
100 Ceramic 8 0.02150 0.00298 13.84 
    Enamel Cusp 8 0.04750 0.01138 23.95 
  200 Ceramic 8 0.03413 0.00603 17.68 
    Enamel Cusp 8 0.07075 0.00904 12.77 
Filtek Supreme Ultra 
Universal 
100 Ceramic 8 0.09225 0.00701 7.59 
    Enamel Cusp 8 0.11263 0.01883 16.72 
  200 Ceramic 8 0.20388 0.00409 2.00 
    Enamel Cusp 8 0.17950 0.01863 10.38 
G-aeniel 100 Ceramic 8 0.04413 0.01040 23.57 
    Enamel Cusp 8 0.03175 0.00489 15.41 
  200 Ceramic 8 0.06425 0.01141 17.76 
    Enamel Cusp 8 0.05213 0.00710 13.62 
NovaPro 100 Ceramic 8 0.02625 0.01122 42.75 
    Enamel Cusp 8 0.04100 0.00602 14.69 
  200 Ceramic 8 0.04250 0.01533 36.08 
    Enamel Cusp 8 0.05888 0.00928 15.76 
SureFil 100 Ceramic 8 0.04588 0.00582 12.68 
    Enamel Cusp 8 0.03738 0.00991 26.52 
  200 Ceramic 8 0.07238 0.00975 13.48 
    Enamel Cusp 8 0.06738 0.01634 24.26 
 
 
In order to clarify the differences in antagonist’s height loss between the two wear 
cycle levels, and between the two types of antagonists, a post hoc Student’s t analysis test 
was conducted and presented in Table 17 and 18, in which the levels that are not connected 
by the same letter are significantly different.  
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Table 17. Height loss significance of two types of antagonists at two wear cycle levels. 
Level Sig. Least Sq Mean 
200k cycle A  0.07901 
100k cycle  B 0.04722 
 
 
Table 18. Height loss significance of two types of antagonists. 
Level Sig. Least Sq 
Mean 
Enamel Cusp A  0.04980 
Ceramic  B 0.04464 
 
 
5.1.3 Wear Depth of the Specimens 
The wear depth means (mm) of the resin composite specimens after wear against 
two different types of antagonists were calculated after 100,000 and 200,000 wear cycles 
and represented graphically in Figure 29. The A and B letters on the top of the bars 
represent the significant differences between the two antagonist groups within the same 
composite material and within the same wear cycle (A has a significantly deeper wear than 
B group).  
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Figure 29. Bar chart of composite wear depth measured at 100 k cycles and 200 k cycles 
after wear test against two types of antagonists (enamel cusps & ceramic cusps). 
 
 
A Tukey analysis test was conducted and presented in Table 19, in which the levels 
that are not connected by the same letter are significantly different. Table 20 showed the 
wear depth significance of tested resin composites against enamel antagonists only. Table 
21 showed the wear depth significance of tested resin composites against ceramic 
antagonists only. 
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Table 19. Wear depth significance of tested resin composites. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme Ultra Universal A   0.02538 0.00091 0.03313 
Filtek Supreme Ultra Flow  B  0.01744 0.00091 0.02694 
SureFil  B C 0.01438 0.00091 0.02072 
G-aeniel   C 0.01356 0.00091 0.02056 
NovaPro   C 0.01275 0.00091 0.01806 
Clearfil Majesty Flow   C 0.01238 0.00091 0.01794 
 
 
Table 20. Wear depth significance of tested resin composites against enamel antagonists. 
Level Sig. Least Sq 
Mean 
Std Error Mean 
SureFil A   0.01738 0.00100 0.02325 
G-aeniel A B  0.01488 0.00100 0.02075 
Filtek Supreme ultra Flow  B C 0.01325 0.00100 0.01894 
Clearfil Majesty Flow  B C 0.01100 0.00100 0.01556 
NovaPro   C 0.01075 0.00100 0.01550 
Filtek Supreme ultra Universal   C 0.01013 0.00100 0.01481 
 
 
Table 21. Wear depth significance of tested resin composites against ceramic antagonists. 
Level    Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme ultra Universal A   0.04063 0.00153 0.05144 
Filtek Supreme ultra Flow  B  0.02163 0.00153 0.03494 
NovaPro   C 0.01475 0.00153 0.02063 
Clearfil Majesty Flow   C 0.01375 0.00153 0.02031 
G-aeniel   C 0.01225 0.00153 0.02038 
SureFil   C 0.01138 0.00153 0.01819 
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Table 22. Showing mean, standard deviation, and coefficient of variance of each 
composite wear depth measured at 100 k cycles and 200 k cycles after wear test against 
two types of antagonists (enamel cusps & ceramic cusps). 
 Specimen Wear depth, mm 
Material Type Wear Cycle, k Antagonist Type N Mean Std Dev CV 
Clearfil Majesty Flow 100 Ceramic 8 0.01375 0.00231 16.83 
    Enamel Cusp 8 0.01100 0.00177 16.12 
  200 Ceramic 8 0.02688 0.00485 18.06 
    Enamel Cusp 8 0.02013 0.00223 11.09 
Filtek Supreme Ultra 
Flow 
100 Ceramic 8 0.02163 0.00580 26.84 
    Enamel Cusp 8 0.01325 0.00311 23.44 
  200 Ceramic 8 0.04825 0.00650 13.47 
    Enamel Cusp 8 0.02463 0.00453 18.41 
Filtek Supreme Ultra 
Universal 
100 Ceramic 8 0.04063 0.00245 6.02 
    Enamel Cusp 8 0.01013 0.00146 14.40 
  200 Ceramic 8 0.06225 0.00212 3.41 
    Enamel Cusp 8 0.01950 0.00160 8.22 
G-aeniel 100 Ceramic 8 0.01225 0.00328 26.81 
    Enamel Cusp 8 0.01488 0.00173 11.61 
  200 Ceramic 8 0.02850 0.00721 25.30 
    Enamel Cusp 8 0.02663 0.00417 15.67 
NovaPro 100 Ceramic 8 0.01475 0.00249 16.90 
    Enamel Cusp 8 0.01075 0.00116 10.84 
  200 Ceramic 8 0.02650 0.00469 17.70 
    Enamel Cusp 8 0.02025 0.00328 16.22 
SureFil 100 Ceramic 8 0.01138 0.00245 21.50 
    Enamel Cusp 8 0.01738 0.00362 20.85 
  200 Ceramic 8 0.02500 0.00359 14.34 
    Enamel Cusp 8 0.02913 0.00259 8.88 
 
In order to clarify the differences in the specimen’s wear depth between the two 
wear cycle levels, and between the two types of antagonists, a post hoc Student’s t analysis 
test was conducted and presented in Table 23 and 24, in which the levels that are not 
connected by the same letter are significantly different.  
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Table 23. Wear depth significance of tested resin composites at two wear cycle levels. 
Level Sig. Least Sq Mean 
200k cycle A  0.02980 
100k cycle  B 0.01598 
 
Table 24. Wear depth significance of tested resin composites at two different antagonist 
types. 
 
Level Sig. Least Sq 
Mean 
Ceramic A  0.01906 
Enamel Cusp  B 0.01290 
 
 
5.1.4 Specimens Volume Loss 
The volume loss means (mm3) of the resin composite specimens after wear against 
two different types of antagonists were calculated after 100,000 and 200,000 wear cycles 
and represented graphically in Figure 30. The A and B letters on the top of the bars 
represent the significant differences between the two antagonist groups within the same 
composite material and within the same wear cycle (A is significantly higher in volume 
loss than B group).  
 87 
 
Figure 30. Bar chart of composite volume loss measured at 100 k cycles and 200 k 
cycles after wear test against two types of antagonists (enamel cusps & ceramic cusps). 
 
A Tukey analysis test was conducted and presented in Table 25, in which the levels 
that are not connected by the same letter are significantly different. Table 26 showed the 
volume loss significance of tested resin composites against enamel antagonists only. Table 
27 showed the volume loss significance of tested resin composites against ceramic 
antagonists only. 
 
Table 25. Volume loss significance of tested resin composites after wear. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme Ultra Universal A  1.89103 0.12527 2.46955 
G-aeniel A  1.88571 0.12527 2.42500 
Clearfil Majesty Flow A B 1.51989 0.12527 1.86506 
Filtek Supreme Ultra Flow A B 1.50148 0.12527 2.05621 
NovaPro  B 1.36299 0.12527 1.80085 
SureFil  B 1.36250 0.12527 1.92969 
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Table 26. Volume loss significance of tested resin composites after wear against enamel 
antagonists. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
G-aeniel A  1.97143 0.16461 2.40714 
NovaPro A B 1.46186 0.16461 1.83616 
Filtek Supreme ultra Flow  B 1.19822 0.16461 1.57175 
SureFil  B 1.19375 0.16461 1.63750 
Filtek Supreme ultra Universal  B 1.12821 0.16461 1.78526 
Clearfil Majesty Flow  B 1.03409 0.16461 1.38636 
 
Table 27. Volume loss significance of tested resin composites after wear against ceramic 
antagonists. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
Filtek Supreme ultra Universal A  2.65385 0.18825 3.15385 
Clearfil Majesty Flow A B 2.00568 0.18825 2.34375 
Filtek Supreme ultra Flow  B 1.80473 0.18825 2.54068 
G-aeniel  B 1.80000 0.18825 2.44286 
SureFil  B 1.53125 0.18825 2.22188 
NovaPro  B 1.26412 0.18825 1.76554 
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Table 28. Showing mean, standard deviation, and coefficient of variance of each composite 
specimen volume loss measured at 100 k cycles and 200 k cycles after wear test against 
two types of antagonists (enamel cusps & ceramic cusps). 
 
  Specimen volume loss mm3 
Material Type Wear Cycle, k Antagonist Type N Mean Std Dev CV 
Clearfil Majesty 
Flow 
100 Ceramic 8 2.00568 0.38832 19.36 
    Enamel Cusp 8 1.03409 0.09944 9.62 
  200 Ceramic 8 2.68182 0.40873 15.24 
    Enamel Cusp 8 1.73864 0.18141 10.43 
Filtek Supreme Ultra 
Flow 
100 Ceramic 8 1.80473 0.33622 18.63 
    Enamel Cusp 8 1.19822 0.26225 21.89 
  200 Ceramic 8 3.27663 0.55050 16.80 
    Enamel Cusp 8 1.94527 0.48839 25.11 
Filtek Supreme Ultra 
Universal 
100 Ceramic 8 2.65385 0.15925 6.00 
    Enamel Cusp 8 1.12821 0.17975 15.93 
  200 Ceramic 8 3.65385 0.17282 4.73 
    Enamel Cusp 8 2.44231 0.24661 10.10 
G-aeniel 100 Ceramic 8 1.80000 0.56486 31.38 
    Enamel Cusp 8 1.97143 0.84038 42.63 
  200 Ceramic 8 3.08571 1.01487 32.89 
    Enamel Cusp 8 2.84286 0.99714 35.08 
NovaPro 100 Ceramic 8 1.26412 0.61590 48.72 
    Enamel Cusp 8 1.46186 0.40901 27.98 
  200 Ceramic 8 2.26695 0.82230 36.27 
    Enamel Cusp 8 2.21045 0.38251 17.30 
SureFil 100 Ceramic 8 1.53125 0.23895 15.61 
    Enamel Cusp 8 1.19375 0.24991 20.93 
  200 Ceramic 8 2.91250 0.38891 13.35 
    Enamel Cusp 8 2.08125 0.28528 13.71 
 
 
In order to clarify the differences in volume loss between the two wear cycle levels, 
and between the two types of antagonists, a post hoc Student’s t analysis test was conducted 
and presented in Table 29 and 30, in which the levels that are not connected by the same 
letter are significantly different.  
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Table 29. Volume loss significance of tested resin composites at two wear cycle levels. 
Level Sig. Least Sq Mean 
200k cycle A  2.59485 
100k cycle  B 1.58727 
 
Table 30. Volume loss significance of tested resin composites at two different antagonist 
types. 
 
Level Sig. Least Sq Mean 
Ceramic A  1.84327 
Enamel Cusp  B 1.33126 
 
5.1.5 Surface Roughness Results of the Specimens  
A comparison of the surface roughness means (µm) of the resin composite materials 
at baseline, after 100,000 cycles, and after 200,000 wear cycles against two different types 
of antagonists is represented graphically in Figure 31. The A and B letters on the top of the 
bars represent the significant differences between the two antagonist groups within the 
same composite material and within the same wear cycle (A is significantly higher in 
surface roughness than B group).  
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Figure 31. Bar chart of composite surface roughness measured at baseline, 100 k cycles 
and 200 k cycles after wear test against two types of antagonists (enamel cusps & ceramic 
cusps). 
 
A Tukey analysis test was conducted and presented in Table 31, in which the levels 
that are not connected by the same letter are significantly different.  
 
Table 31. Surface roughness significance of tested resin composites after wear. 
Level Sig. Least Sq 
Mean 
Std 
Error 
Mean 
SureFil  A   0.08156 0.00267 0.09031 
NovaPro  A   0.08031 0.00267 0.08609 
Filtek Supreme Ultra Universal  A   0.07813 0.00267 0.08844 
Filtek Supreme Ultra Flow  A B  0.07344 0.00267 0.08219 
G-aeniel   B C 0.06688 0.00267 0.07156 
Clearfil Majesty Flow    C 0.05844 0.00267 0.06688 
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Table 32. Showing mean, standard deviation, and coefficient of variance of each composite 
surface roughness measured at 100 k cycles and 200 k cycles after wear test against two 
types of antagonists (enamel cusps & ceramic cusps). 
 
 Specimen Roughness (Ra), µm 
Material Type Wear Cycle, k Antagonist Type N Mean Std Dev CV 
Clearfil Majesty Flow 0 Ceramic 8 0.04500 0.00267 5.94 
    Enamel Cusp 8 0.04375 0.00231 5.29 
  100 Ceramic 8 0.06063 0.00496 8.17 
    Enamel Cusp 8 0.05625 0.00518 9.20 
  200 Ceramic 8 0.08125 0.00582 7.17 
    Enamel Cusp 8 0.06938 0.00417 6.01 
Filtek Supreme Ultra 
Flow 
0 Ceramic 8 0.05938 0.00177 2.98 
    Enamel Cusp 8 0.05063 0.00496 9.79 
  100 Ceramic 8 0.08500 0.00886 10.43 
    Enamel Cusp 8 0.06188 0.01163 18.80 
  200 Ceramic 8 0.10500 0.00926 8.82 
    Enamel Cusp 8 0.07688 0.01193 15.52 
Filtek Supreme Ultra 
Universal 
0 Ceramic 8 0.04125 0.00231 5.61 
    Enamel Cusp 8 0.04188 0.00259 6.18 
  100 Ceramic 8 0.09563 0.00821 8.59 
    Enamel Cusp 8 0.06063 0.00417 6.88 
  200 Ceramic 8 0.12125 0.00641 5.29 
    Enamel Cusp 8 0.07625 0.00443 5.81 
G-aeniel 0 Ceramic 8 0.05375 0.00354 6.58 
    Enamel Cusp 8 0.05375 0.00694 12.92 
  100 Ceramic 8 0.07125 0.00582 8.18 
    Enamel Cusp 8 0.06250 0.00802 12.83 
  200 Ceramic 8 0.08188 0.00884 10.80 
    Enamel Cusp 8 0.07063 0.00943 13.35 
NovaPro 0 Ceramic 7 0.06286 0.00393 6.26 
    Enamel Cusp 8 0.06063 0.00563 9.29 
  100 Ceramic 8 0.08625 0.00744 8.63 
    Enamel Cusp 8 0.07438 0.00563 7.57 
  200 Ceramic 8 0.10125 0.00835 8.24 
    Enamel Cusp 8 0.08250 0.00463 5.61 
SureFil 0 Ceramic 8 0.05563 0.00417 7.50 
    Enamel Cusp 7 0.05429 0.00607 11.19 
  100 Ceramic 8 0.09313 0.01772 19.02 
    Enamel Cusp 8 0.07000 0.00802 11.45 
  200 Ceramic 8 0.11313 0.02052 18.14 
    Enamel Cusp 8 0.08500 0.00926 10.89 
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In order to clarify the differences in the specimen’s surface roughness between the 
three wear cycle levels, and between the two types of antagonists, a post hoc Student’s t 
analysis test was conducted and presented in Table 33 and 34, in which the levels that are 
not connected by the same letter are significantly different.  
 
Table 33. Surface roughness significance of tested resin composites at three wear cycle 
levels. 
 
Level Sig. Least Sq Mean 
200k cycle A   0.08870 
100k cycle  B  0.07313 
0 cycle   C 0.05179 
 
Table 34. Surface roughness significance of tested resin composites at two different 
antagonist types. 
 
Level Sig. Least Sq 
Mean 
Ceramic A  0.08352 
Enamel Cusp  B 0.06273 
 
 
 
 
5.1.6 Correlations of tested properties 
 
Also, correlation coefficient was calculated and showed a strong positive 
correlation between the mean specimen weight loss (g) and the mean specimen wear depth 
(mm) after wear against the two types of antagonists and represented graphically in Figure 
32. The R2 values were ranging from 0.51 to 0.9. 
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Figure 32. Line scattered chart showing the positive correlation between the specimen’s 
weight loss and corresponding wear depth after wear test against two types of antagonists 
(enamel cusps & ceramic cusps). 
 
 
Another coefficient correlation was calculated and showed some positive 
correlation between the mean specimen weight loss (g) and the mean antagonist weight 
loss (g) after wear against the two types of antagonists and represented graphically in 
Figure 33. A strong positive correlation was shown in the Filtek Supreme Ultra Universal 
group when it was opposed by both types of antagonists (R2 = 0.08). All the other composite 
groups showed a weaker but evident positive correlation (R2 range from 0.36 to 0.73).  
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Figure 33. Line scattered chart showing the slightly positive correlation between the 
specimen’s weight loss and the antagonist weight loss after wear test against two types of 
antagonists (enamel cusps & ceramic cusps). 
 
 
5.2 Surface Gloss and Microhardness: 
Six commercially available resin composites were evaluated for surface gloss and 
microhardness. Three specimens were prepared from each composite material, in which 5 
readings of gloss and hardness tests were taken from each specimen (n=15).  
 
5.2.1 Surface Gloss  
Table 35 illustrates the means and standard deviations of the gloss test results in 
gloss unit (GU). Statistical analysis demonstrated significant differences between all the 
composite materials (Table 36). Clearfil Majesty Flow and Filtek Supreme Universal 
groups exhibited a significantly higher surface gloss compared to the other materials with 
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the exception of the Filtek Supreme Ultra Flow group. On the other hand, SureFil and G-
aenial groups were significantly lower in surface gloss than the other groups (Table 37).  
 
Table 35. Surface gloss (GU) of tested resin composite material in means and standard 
deviations  
 
 Gloss (GU) 
Material Type N Mean Std Dev 
Clearfil Majesty Flow 15 92.14 1.39 
Filtek Supreme Ultra 15 90.69 2.07 
Filtek Supreme Ultra Universal 15 92.03 0.97 
G-aeniel 15 86.92 0.88 
NovaPro 15 89.15 1.79 
SureFil 15 81.50 3.65 
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Figure 34. Mean surface gloss of different resin composite materials. 
  
Table 36. One-way ANOVA analysis results of gloss test of different resin composites. 
Source DF Sum of 
Squares 
Mean Square F Ratio p-value 
Material Type 5 1231.4459 246.289 60.2827 <.0001* 
Error 84 343.1880 4.086   
C. Total 89 1574.6339    
  
Table 37. Surface gloss significance of tested resin composites materials. 
Level Sig. Mean Gloss 
Unit 
Clearfil Majesty Flow A    92.14000 
Filtek Supreme Ultra Universal A    92.03333 
Filtek Supreme Ultra A B   90.68667 
NovaPro  B   89.15333 
G-aeniel   C  86.92000 
SureFil    D 81.50000 
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5.2.2 Microhardness of Tested Composites 
Table 38 illustrates the means and standard deviations of the microhardness 
(Knoop’s Hardness) test results. Statistical analysis demonstrated significant differences 
between all the composite materials (Table 39). Filtek Supreme Universal groups exhibited 
a significantly higher Knoop’s hardness compared to the other materials. On the other hand, 
SureFil, NovaPro, and Clearfil Majesty Flow groups were significantly lower in Knoop’s 
hardness than the other groups (Table 40).  
 
Table 38. Microhardness (Knoop’s Hardness) test means and standard deviations of each 
resin composite material. 
 
 Knoop Hardness 
Material Type N Mean Std Dev 
Clearfil Majesty Flow 15 35.42 0.64 
Filtek Supreme Ultra 15 43.37 6.17 
Filtek Supreme Ultra Universal 15 74.72 2.61 
G-aeniel 15 47.19 1.48 
NovaPro 15 32.66 3.44 
SureFil 15 29.94 1.45 
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Figure 35. Mean microhardness of different resin composite materials. 
 
 
Table 39. One-way ANOVA analysis results of microharness test of different resin 
composites. 
Source DF Sum of 
Squares 
Mean Square F Ratio p-value 
Material Type 5 20311.860 4062.37 396.8735 <.0001* 
Error 84 859.819 10.24   
C. Total 89 21171.678    
  
Table 40. Knoop’s hardness significance of tested resin composites materials. 
Level Sig. Mean 
Filtek Supreme Ultra Universal A     74.72000 
G-aeniel  B    47.19333 
Filtek Supreme Ultra   C   43.37333 
Clearfil Majesty Flow    D  35.42000 
NovaPro    D E 32.66000 
SureFil     E 29.94000 
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5.2.3 Correlation between Gloss, Microhardness, and Wear Properties: 
Several correlations can be analyzed and evaluated between the surface gloss, 
Knoop’s hardness, surface roughness, specimen weight loss and wear depth, and antagonist 
weight and height loss. A correlation coefficient was calculated and a significant negative 
correlation (p < 0.0001, R2 = 0.36) between the mean specimen surface roughness (Ra) and 
the mean specimen Knoop’s hardness, and represented graphically in Figure 36.  
 
  
 
Figure 36. Line scattered chart showing the negative correlation between the specimen’s 
surface roughness (Ra) and the mean specimen Knoop’s hardness. 
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in relation to its roughness and Knoop’s hardness. For example, the SureFil composite 
0.04
0.05
0.06
0.07
0.08
0.09
0.1
0.11
0.12
0.13
Ra
 a
fte
r P
ol
ish
30 40 50 60 70 80
Hardness
 101 
group was positioned high in the roughness scale, but very low in microhardness. On the 
other hand, the Filtek Supreme Universal showed opposite findings, as it was very high in 
the microhardness number, but low in surface roughness.  
 
 
 
Figure 37. Bubble plot chart showing the position of each tested composite material in 
relation to its roughness and Knoop’s hardness. 
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Another significant negative correlation (p < 0.0001, R2 = 0.3) was found between 
the mean specimen surface roughness (Ra) and the mean specimen gloss (GU), and 
represented graphically in Figure 38.  
 
 
 
Figure 38. Line scattered chart showing the negative correlation between the specimen’s 
surface roughness (Ra) and the mean specimen gloss (GU). 
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In Figure 39, a bubble plot showed the position of each tested composite material 
in relation to its roughness (Ra) and surface gloss (GU). The SureFil composite group was 
positioned high in the roughness scale, but very low in gloss (GU).  
 
 
 
Figure 39. Bubble plot chart showing the position of each tested composite material in 
relation to its roughness and Surface gloss. 
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Another linear association was found between the specimen’s surface gloss (GU) 
and its wear depth after wear against natural tooth antagonists shown in Figure 40. The 
calculated correlation coefficient showed a strong negative correlation between the mean 
specimen surface gloss (GU) and the mean specimen wear depth after wear test, with R2 
values of 0.82 and 0.74 at 100k and 200k cycles, respectively.  
  
 
 
Figure 40. Line scattered chart showing the strong negative correlation between the 
specimen’s gloss (GU) and the mean specimen wear depth after wear test against tooth 
antagonists. 
  
Wear depth 100k-tooth & Wear depth 200k-tooth vs. GU Mean
W
ea
r d
ep
th
 1
00
k-
to
ot
h 
& 
W
ea
r d
ep
th
 2
00
k-
to
ot
h
0.010
0.015
0.020
0.025
0.030
R² (Wear depth 100k-tooth): 0.82
R² (Wear depth 200k-tooth): 0.74
80 82 84 86 88 90 92 94
GU Mean
Wear depth 100k-tooth
Wear depth 200k-tooth
 105 
Further more, another linear association was found between the specimen’s 
Knoop’s hardness (KHN) and the ceramic cusp antagonist weight loss after the wear test. 
The calculated correlation coefficient showed a strong positive correlation (R2 value was 
0.82) between the mean specimen Knoop’s hardness (KHN) and the ceramic cusp 
antagonist weight loss after the wear test, and represented graphically in Figure 41.  
  
 
 
Figure 41. Line scattered chart showing strong positive correlation between the specimen’s 
Knoop’s hardness (KHN) and ceramic cusp antagonist weight loss after wear test. 
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On the other hand, a weaker association was found between the specimen’s 
Knoop’s hardness (KHN) and the natural tooth cusp antagonist weight loss after the wear 
test. The calculated correlation coefficient showed a weaker positive correlation (R2 values 
were 0.44 and 0.63) between the mean specimen Knoop’s hardness (KHN) and the natural 
tooth cusp antagonist weight loss after the wear test, and represented graphically in Figure 
42.  
 
 
 
Figure 42. Line scattered chart showing weaker positive correlation between the 
specimen’s Knoop’s hardness (KHN) and natural tooth cusp antagonist weight loss after 
wear test. 
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5.3 Qualitative Analysis Results 
One representative sample was randomly selected from each group for scanning 
electron microscopic examination (FESEM, SU6600) of the surface morphology in order 
to evaluate the differences in the shape of wear surface. The specimens were sputter coated 
and both the intact and the wear area were analyzed.  In order to obtain a clear SEM analysis 
of the intact area of the composite specimens, the resin rich layer was removed by finishing 
and polishing using polishing cloth with l µm then 0.3 µm alumina suspension paste 
(Precision Surfaces International) for four minutes each. After that, the embedded 
specimens were rinsed with tap water, and then ultrasonically cleaned in distilled water for 
4 minutes using ultrasonic cleaning bath (Quantrex Q140).    
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Figure 43. FESEM images of Filtek Supreme Universal specimen: a) intact, un-polished 
area, b) polished area, c) area of wear against natural enamel cusp antagonist, c) area of 
wear against Vita Mark II ceramic antagonist. 
a 
c 
b 
d 
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Figure 44. FESEM images of Filtek Supreme Ultra Flow specimen: a) intact, un-polished 
area, b) polished area, c) area of wear against natural enamel cusp antagonist, d) area of 
wear against Vita Mark II ceramic antagonist. 
b 
d c 
a 
 110 
 
Figure 45. FESEM images of NovaPro Flow specimen: a) intact, un-polished area, b) 
polished area, c) area of wear against natural enamel cusp antagonist, d) area of wear 
against Vita Mark II ceramic antagonist. 
b 
d c 
a 
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Figure 46. FESEM images of G-aenial Universal Flow specimen: a) intact, un-polished 
area, b) polished area, c) area of wear against natural enamel cusp antagonist, d) area of 
wear against Vita Mark II ceramic antagonist. 
b 
d c 
a 
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Figure 47. FESEM images of SureFil SDR Flow specimen: a) intact, un-polished area, b) 
polished area, c) area of wear against natural enamel cusp antagonist, d) area of wear 
against Vita Mark II ceramic antagonist. 
b 
d c 
a 
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Figure 48. FESEM images of Clearfil Majesty Flow specimen: a) intact, un-polished 
area, b) polished area, c) area of wear against natural enamel cusp antagonist, d) area of 
wear against Vita Mark II ceramic antagonist. 
  
b 
d c 
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An energy dispersive spectroscopy (EDS) examination was suggested in order to 
explain the dark spherical areas shown in the Clearfil Majesty Flow specimen SEM images. 
In order to separate the fillers, about 0.1g the flowable composite was dissolved in acetone 
in a small glass tube, and then placed in a centrifuge for 10 minutes until separation. The 
clear acetone was then extracted, and replaced with a fresh one and centrifuged again. The 
process repeated three times, until the clear acetone removed and replaced with a 100% 
ethanol solution, then centrifuged for 10 minutes. The remaining flowable composite 
material was paced in a SEM stub over a carbon double side tape  until completely dried, 
and then examined under the FESEM. The FESEM images and the EDS analysis (Figure 
49) of the separated fillers showed that the spherical particulates have a high silica/barium 
ratio (6.31 wt/wt) compared to the other type of filler particles (1.46 wt/wt). This higher 
concentration of silica might explain the darkness of these types of fillers.  
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Figure 49. FESEM and EDS analysis of Clearfil Majesty Flow after separating the fillers: 
a) SEM image of the fillers separated from the matrix, b, d, f) an EDS analysis of the 
spherical fillers, showing the high Silica/Barium ratio, c, e, g) an EDS analysis of the other 
type of fillers, showing the low Silica/Barium ratio. 
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CHAPTER 6 DISCUSSION 
 
6.1 Wear Properties 
Multiple flowable composites were introduced in the market that possess higher 
filler content than the previous ones, allowing them to be used in cases of class I, II, III, 
IV, and V restorations, but with very conservative restorative procedures.(2) Although the 
flowable composites might have higher manipulation properties, however, they could 
possess severe limitations on other mechanical properties, such as wear resistance, 
affecting the ability to optimize its clinical performance. Therefore, companies have tried 
to reach for a better balance of properties among these conflicting requirements, which 
resulted in a proliferation of restorative resin products, each designed for a specialized 
application.(3) 
Various in vitro wear simulation machines have been used for the evaluation of 
wear behavior. Currently, there is no universally accepted experimental in vitro method 
that simulates clinical behavior for evaluating the wear of dental materials.(17)  Because 
the in vivo wear measurements are complicated and time-consuming, in vitro wear 
simulation devices had been developed as an attempt to simulate the clinical masticatory 
cycle and oral environment.(10) However, most of the factors that influence the clinical 
wear were not taken into consideration during the fabrication of these simulators. These 
important factors include the force profile, contact time, sliding movement, clearance of 
worn material, etc.(27) In this study, a pin-on-plate two-body abrasion device was used, 
which did not include the impact component feature. This is due to the believe that the 
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impact component is not significant in the intraoral wear mechanism, because of the 
marked deceleration of the mandible immediately before teeth contact.   
The present in vitro two-body wear test was conducted in a wet condition at a rate 
of 125 cycles per minute. Each rod was loaded with 2N stainless steel weight, and the 
average antagonist’s tip surface area was 0.7 mm2. After calculating the newton per square 
mm, the pressure on the antagonist tip was 2.9 megapascal or 420 pound per square inch 
(psi). This is considered a major limitation, as the average masticatory forces range from 
10 N to more than 150 N at an average rate of 80 to 100 cycles per minute.(96) This 
decreased vertical load was selected in order to maintain the attachment of the enamel and 
ceramic antagonists to the metal rods during the testing procedure. Moreover, it was found 
that this load was enough to notice a significant difference in wear depth and weight loss 
between the flowable composites used during the pilot study.  
Although all of the wear simulators lack the scientific evidence that the in vitro 
simulation corresponds to the in vivo situation, however, several studies have estimated the 
number of occlusal contacts at medium chewing forces, which could range from 500 to 
1000 cycles per day.(37),(97) In the present study, 200,000 wear strokes were reached, 
which is equivalent to 9 to 18 months in vivo.(97) Moreover, a continuous flow of tap water 
was used in the wear testing, which acted as a cleanser with flushing action, and simulated 
the salivary role intraorally. Although this in vitro model may lack the precise simulation 
of all biological variables, however, a good control of the variables and the environment of 
the wear test should provide adequate basis to compare the wear properties of the dental 
composites tested.  
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The purpose of the study was to investigate the two-body wear effect of some newly 
released flowable composites against two types of antagonists, dental enamel and Vitabloc 
Mark II ceramic, and compare them to universal packable composite. The different 
flowable composites were selected in this study because, as claimed by their companies, 
they can withstand the occlusal forces, and thus, can be used in the occlusal class I and II 
posterior restorations. Clelland and colleagues(47), evaluated in an in vitro study, both 
flowable and heavily filled composites after wear against human enamel antagonists using 
the OHSU wear testing machine, and found that the flowable composites exhibited more 
wear compared to the highly filled composites in cases of direct contact attrition, but the 
flowable composites behave better in cases of three-body wear abrasion. By contrast, 
Lawson and partners(98) conducted a two-year randomized, controlled clinical trial, of 
flowable and conventional resin composites in class I restorations. After two years, there 
were no significant differences in volumetric wear and anatomical form of both types of 
resin composites, which was in agreement with current results. There were no statistical 
significant differences between the tested composites in regards to specimen weight loss 
and volume loss when opposed by enamel antagonist. The SureFil flowable composite 
showed significantly deeper wear depth compared to the other groups when opposed by 
enamel antagonist. This could be explained as the SureFil SDR composite was the only 
bulk-fill flowable composite used, which has very low filler loading. However, when 
testing the resin composites against ceramic antagonists, both Filtek supreme universal and 
Filtek supreme ultra flow groups showed significantly deeper wear compared to the other 
flowable materials. This finding could be explained as the aggregated filler clusters 
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incorporated in the nanohybrid flowable composite (Filtek supreme universal and ultra) 
could be dislodged. These displaced particles lead to a three-body wear abrasion, and thus 
increases the potential of wear compared to the other nanofilled flowable composites. In 
agreement to our last finding, Schultz and colleagues(79) found that composites with 
smaller filler particles, like nanofilled composites, exhibited a significantly higher wear 
resistance compared to the  hybrid composites. Another explanation is due to the higher 
hardness of the ceramic antagonists compared to the human enamel, which lead to the 
higher wear depth in the nanohybrid composites. On the other hand, a previous study by 
Ghazal and coworkers(55), found that the surface roughness of the ceramic antagonist 
plays the important role in wear loss. The frictional resistance may explain this finding, as 
the high surface roughness increases the friction coefficient, which results in greater wear. 
One additional explanation, which was noticed in previous studies(16), (45) (47), is due to 
the larger particle size and the higher interparticle distance between the fillers in the 
nanohybrid composites, exposing the weaker resin matrix material for wear.  By contrast, 
Yesil and partners(99), evaluated the relative wear characteristics of recently introduced 
nanofiller composite resins, and compare them to the more traditional hybrid composite 
material. It was noticed that there was no significant differences in the wear characteristics 
of nanofiller-containing composite resins compared to the microfilled and microhybrid 
composite materials tested. However, it should be noted that, the composite materials used 
were all regular, not flowable, and they were all finished and polished prior to the wear 
testing.  
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In regards to the wear cycles in this study, the amount of wear (including wear 
depth, specimen’s weight and volume loss, and antagonist’s weight and height loss) and 
the specimen’s surface roughness were steadily accumulated with increasing the numbers 
of wear cycles, which is in consistent with previous study by Winkler and colleagues.(33) 
Surface roughness of the specimens was also measured, and found statistical 
significant differences among the groups. The flowable composites used in this study had 
different particle sizes (table 2), which might explain the significant differences after 
applying the wear cycles. Both G-aenial Universal Flow and Clearfil Majesty Flow 
composites, which have the smallest filler particle size among the other composites used, 
showed significantly less surface roughness after wear in comparison to other composites. 
This is in consistent with previous studies, which clarified that the size and shape of resin 
composite fillers affect the surface texture of the composite restoration subjected to the 
wear. Yazici and partners(68) evaluated the surface roughness of four different flowable 
composite materials, and reported no significant differences in surface roughness values 
among the unpolished specimens of the flowable composites that are similar in the filler 
particle size.  
Both human enamel and dental ceramic were used in this study as antagonists. Due 
to the concern of inhomogeneity of the human enamel used, a careful qualitative 
examination of each tooth and cusp was applied after the standardization. Ceramic material 
is considered as an enamel alternative, but it has high hardness, roughness and high wear 
potential than enamel. Al-Hiyasat and coworkers(100) compared, in an in vitro study, the 
abrasiveness and wear resistance of Vita Mark II ceramic against human enamel, and 
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concluded that Vita Mark II is wear friendly material that can be a good alternative to the 
human enamel in in vitro studies. The present study compared the wear properties of the 
composite specimens subjected to two different types of antagonists, human enamel cusps 
and Vitablocs Mark II ceramics (feldspathic porcelain). The third null hypothesis was 
rejected, as the wear properties and the surface roughness of the composite specimens 
significantly differ against both types of antagonists used. In general, all resin composites 
showed higher surface roughness, higher weight and volume loss, and deeper wear when 
opposed by ceramic antagonists compared to the samples opposed by enamel antagonists. 
During the wear testing, the feldspathic porcelain is subjected to surface loss, creating 
rougher areas and causing an exposure of the harder crystalline phases. As noticed in 
previous studies(55), the higher surface roughness of the ceramic antagonists compared to 
the human enamel could explain the last finding, which lead to the higher wear depth, 
weight loss, and rougher surface.  
On the other hand, the human enamel antagonists were significantly more prone to 
weight loss and height loss compared to the ceramic antagonists. The degree of antagonist 
wear is believed to be proportional to its surface hardness. In agreement to the previous 
finding, Shortall and coworkers(43), tested the wear behavior and the microhardness of 
both human enamel and dental porcelain antagonists, and found the different wear 
resistance of the antagonists to be related to their hardness. However, the authors 
investigated both antagonists under SEM, and noticed similar pattern of cracking and wear 
surface appearance, indicating that the porcelain is a good candidate to replace the human 
enamel in the wear in vitro studies. Additionally, it should be mentioned that the authors 
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used the human enamel as the countersample against the two antagonists, and not a resin 
composite.  
 
 
6.2 Surface Microhardness and Gloss: 
The study also evaluated the mechanical and esthetic properties, including 
microhardness and surface gloss of all the resin composites and correlates it to the wear 
characteristics of the materials. Statistical analysis demonstrated significant differences of 
gloss and microhardness between all the composite materials. Clearfil Majesty Flow and 
Filtek Supreme Universal composites, which has the highest filler loading and relatively 
smaller filler size than the other campsites used, exhibited a significantly higher surface 
gloss compared to the other materials with the exception of the Filtek Supreme Ultra Flow 
group. This is consistent with some previous studies(70),(90), who found that the flowable 
composites with higher filler loading and smaller filler size (0.2 µm and less) exhibited 
higher surface gloss, and were less sensitive to the size of polishing particles, which may 
easily abrade the exposed resin matrix. It was also mentioned that the gloss was influenced 
by the shape of the fillers, in which the spherical fillers produced the best gloss results. 
This is in consistent with the shape of the fillers found in the Clearfil Majesty Flow and 
Filtek Supreme Universal composites when evaluated under SEM. On the other hand, 
SureFil, which has the lowest filler loading and the largest filler size among the groups, 
and G-aenial, which has the second lowest filler loading, were significantly lower in 
surface gloss than the other groups.  
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In regards to the microhardness findings, Filtek Supreme Universal group exhibited 
a significantly higher Knoop’s hardness compared to the other materials. This is in 
agreement with previous articles, who concluded that the microhardness is directly 
proportional to the filler loading of the composite materials. El-Safty and colleagues(76), 
found a correlation between the nanohardness of the flowable resin composite with its filler 
loading, after conducting an in vitro study on different flowable composite with different 
filler loadings.   
 
6.3 Correlations of Tested Properties: 
Several correlations were analyzed and evaluated between the surface gloss, 
Knoop’s hardness, surface roughness, specimen weight loss and wear depth, and antagonist 
weight and height loss. A significant negative correlation (p < 0.0001, R2 = 0.3) was found 
between the mean specimen surface roughness (Ra) and the mean specimen gloss (GU). 
The specimen gloss decreased with increasing the surface roughness of the material. Other 
studies, Lee et al(90) and Heintze et al(91), reported similar results, and found that the 
gloss was not only affected by the surface roughness, but also by the refractive indices of 
the resin matrix and fillers.  
Physical characteristics of the antagonist material particles have proven to show a 
pronounced effect on their ability to wear surfaces. These characteristics include particle’s 
hardness, acuteness, shape, and size. It was found that, the ratio of antagonist material 
particle’s hardness to the reinforcing constituents’ material hardness might influence the 
wear. Materials that are harder than the antagonist act as strong barriers and reduce wear 
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loss effectively. Therefore, the wear loss increases when the antagonist material particles’ 
hardness increases relative to the hardness of the material’s constituents.(17) This is in 
agreement with the present study, in which a linear association was found between the 
specimen’s Knoop’s hardness and the antagonist weight loss after the wear test. The 
antagonist weight loss increases with increasing the specimen’s microhardness. 
Previous laboratory studies have been conducted for evaluating properties that are 
supposed to contribute to wear performance, including the specimen weight and volume 
loss, microhardness, and surface roughness. Harrison and Draughn(78) conducted an in 
vitro study to correlate the composite material hardness with its wear resistance, and found 
that resin composites with high values for hardness do not necessarily have a high 
resistance to abrasive wear, which is in consistent with the present study. Our study shows 
no clear correlation between the material microhardness and its weight loss or wear depth. 
This lack of correlation is likely because the microhardness cannot sufficiently characterize 
the interactions between the antagonist material and the wearing materials.(17) 
One representative sample was randomly selected from each group for scanning 
electron microscopic examination (FESEM, SU6600) of the surface morphology in order 
to evaluate the differences in the shape of wear surface. Several cracks in the pre-
polymerized fillers and the gap between the pre-polymerized filler and matrix resin were 
observed in the Filtek supreme Universal, Filtek supreme Ultra flow, and in the SureFil 
SDR Flow specimen, specially when opposed by ceramic antagonists (Figure 43d, 44d, 
47d). These might occurred as a result of compression stress ahead of the contact area 
between the resin composite and antagonist, leading to plastic deformation, which might 
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explain the higher weight loss values, and the deeper wear, compared to the other resin 
composites tested. The pre-polymerized fillers found in the nanohybrid composite 
materials, are inorganic/organic hybrids that are added into the resin matrix to reduce 
polymerization shrinkage.(101) These types of fillers or clusters are more prone to stress 
fractures and particle plucking, due to the lack of chemical bonding to the resin matrix with 
surface silanes, thus, a relatively higher wear rate might be expected for these types of 
materials.(101) 
Therefore, in view of the results of the present study, the nanofilled flowable resin 
composites tested showed higher resistance to crack propagation, which resulted in better 
wear characteristics than the nanohybrid flowable and universal resin composites.  
 
 
Limitations of the Study: 
   
It is important to note the limitations of this study, which can be summarized into: 
•   This is an in vitro study that will not replicate the in vivo conditions, or replace 
well-designed clinical trials. 
•   Forces of wear were standardized which is not the case in clinical situations. 
•   Antagonist’s surface area was standardized using low-speed carbide cup-shape bur, 
which is not the case in clinical situations. 
•   Also, when available, a thermomechanical three-body wear test could be applied 
on future studies, which will provide a closer resembling to the oral environment.  
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•   Operator and Equipment error might have been contributed to slight differences in 
the measurements. This includes rotation of the cusp during the wear test, mis-
aligned strokes, profilometer stylus scratching. However, precautions were taken 
to minimize all of these limitations.  
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CHAPTER 7 CONCLUSIONS 
 
Within the limitation of this in vitro study, it can be concluded that: 
•   Among the tested resin composites, there were significant differences in regards to 
specimen wear depth, weight loss, volume loss, and surface roughness, regardless 
of the antagonist type used.  
•   Both Filtek supreme universal and Filtek supreme ultra flow groups showed 
significantly deeper wear compared to the other flowable materials, regardless of 
the antagonist type used. 
•   However, there were no statistical significant differences between the tested 
composites in regards to specimen weight loss and volume loss when opposed by 
enamel antagonist only, except between the G-aeniel & Filtek Supreme Ultra flow 
groups. The SureFil flowable composite showed significantly deeper wear depth 
compared to the other groups when opposed by enamel antagonist.   
•   In general, all resin composites showed higher surface roughness and higher weight 
loss when opposed by ceramic antagonists compared to the samples opposed by 
enamel antagonists.  
•   SureFil flowable, Novapro, and Filtek supreme ultra flow were significantly higher 
in surface roughness compared to the control group.  
•   Regarding to the antagonists, there were statistically significant differences in 
antagonist’s weight and height loss between the groups. The control group 
universal composite caused significantly higher weight and height loss of the 
antagonists. 
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•   Regarding the microhardness and gloss results, statistical analysis demonstrated 
significant differences between all the composite materials.  
•   Clearfil Majesty Flow and Filtek Supreme Universal groups exhibited a 
significantly higher surface gloss compared to the other materials with the 
exception of the Filtek Supreme Ultra Flow group. On the other hand, SureFil and 
G-aenial groups were significantly lower in surface gloss than the other groups. 
•   Filtek Supreme Universal group exhibited a significantly higher Knoop’s hardness 
compared to the other materials. 
•   There were negative correlations between the material’s surface roughness, and its 
surface gloss. The gloss decreases with increasing the surface roughness of the 
material.  
•   Another linear association was found between the specimen’s Knoop’s hardness 
and the antagonist weight loss after the wear test. The antagonist weight loss 
increases with increasing the specimen’s microhardness. 
•   There was no significant correlation between the specimen’s microhardness and 
their wear properties. 
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